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" Et quoniam eadcm natura cupiditatem ingenuit hominibog Toi 
invciiiondi, quod faullimi a])parc^ cum vacui curu, etiam qmd In 
cccUy fiut, scire avcmus : his initiis inductl omnia vera diligimus; Id 
est, fldelia, simplicia, constantia ; turn vana, tshoL, fkllendU odimm.'* 

CieerOf de Fin. Son. etMoL IL 14* 

.'\nd forasmuch as nature itself has implanted in man a ciifinf 
after the (liscovery of truth (which appears moft clearly from thi% 
that, wlieu unoppresscd hy cares, wo delight to know even what ll 
guiu^ on in the heavens), — led by this instinct, we learn to lore all 
truth for its own soke; that is to say, whatever ia faithful, dhnplt^ 
and consistent ; while we hold in abhorrence whatever is emptj^ 
deceptive, or untrue. i 
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PREFACE 
TO THE AMERICAN EDITION. 



The appearance of this work in 1833 forms an Im- 
portant era in the history of astronomy, and it was re- 
ceived with lively satisfaction by American as well as 
British scholars. To the former it was particularly 
acceptable, for it furnished to the general reader inform- 
ation nowhere else to be obtained. It is seldom that 
men who have arrived at great distinction in their fa- 
vourite pursuit, have condescended to write a plain 
and simple treatise suited to the wants of those who 
have just passed the threshold of science. Still 
more seldom has it been the lot of an individual to 
write a work alike acceptable to the beginner and the 
adept. The author's powers of minute observation— of 
pursuing long and complicated trains of reasoning— of 
embracmg in one general view the results of years of 
labour and research — ^his fertile invention of expedients 
for promoting instrumental power and accuracy — and 
above all, his untiring devotion to this his hereditary 
science — were known to the few who had access to thi 
journals in which his brilliant discoveries were pub- 
lished. From the great mass of American readers and 
students, they were concealed by the limited circula- 
tion of learnt transactions ; while the few were admit- 
ted to the more authentic sources of knowledge, the 
many were still pursuing the same perpetual round of 
antiquated text-books, replete with the science of a 
former age, but too often encumbered with groundless ' 
or erroneous theories, which had once met with popu- 
lar fevour frofh the celebrity of their authors. 

How often have our popular lecturers repeated, and 
CMir popular text-books confirmed, qm a truth resting 
upon the evidence of observation, the sublime concep- 
tion of the elder Herschel, of a movement of our sys- 
tem in space with inconceivable swiftness ! This motion 
was said to be evinced by a gf adual approach together 
of the stars in one part of the heavens, and a departure 
fr(Mn each other in the opposite part Since the exten- 
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1 PREFACE 

m of the Newtonian system of gravity to the stars 
;- our author, it may be naturally inferred that our 
^'0(1 s(jir, 11 le sun, is iittractO'l by the other stars; and 
lis \)rhi<s, admitted, a state of absolute rest of our sys-. 
:'iu ill silace, in otiier words a state of equilibrium from 
ho attractions of ail tiie otlier bodies in the universe, 
vvoiiM bo lii^lily im|)robal:)le. But here ends our know- 
I(Ml;ro on the subject ; for the most careful observations 
with tiio nicest instruments, do not indicate the slight- 
est t(ii(l(»ncy to aggre<j^ation of the stars in one part 
of th(^ lioavens, or to separation in another. 

JJiit it is not tlie only recommendation of this work, 
tliat it sets forth the science of astronomy as now re- 
coivcjd. It abounds tlnoughout in original thoughts 
and modes of illustration. The Second Chapter on 
astronomical instruments, is one of the best treatises 
on the subject ever published. The various instruments 
in uso in the observatories, as well as those designed 
for nautical purposes, are there classified and described 
in t]]o j)l:iinest and sin>pl(!st manner. The classification 
of tlio errors a,G:ainst which the practical astronomer 
has to contend,' and tlitj enumeration of the various 
(^xjv'dionts by which thoy may be compensated, annihi- 
lat(d, or reduced to the smallest possible degree, and 
th(»ii allowed for, is new and original, and cannot be 
too jiiirjily praised. It may indeed be termtbd a treatise 
on t'lo philosophy of instrumental observation. 

Ti:o j'oader of this work will be struck with the re- 
ma ■•:•:, (l/iO), that Uranus has "two satellites certain, 
and four more have boon suspected." Hitherto no 
dou'.'t has been entortaintnl of the existence of six sa- 
tolillos, and two rinfi:H wore once suspected by Sir 
AViiliam llerschel. No better evidence need be given 
of 11 10 inmiense superiority of Sir William HerschePs 
'^vc:\t telescope over Jill others that have since b^n 
made, than this remark, that after a period of nearly 
lialf a century from their discovery, no other individual 
liiis over obtained a sifrht of the four remaining satel- 
lites, and that their existence still rests upon the sole 
tostiniony of their discoverer. But as no individucd has 
ryo.v o!)sorved this ]i]nij^t with such optical powers as 
thosp used by Sir William, his general accuracy must 
bo >«(XMved as a sufFuntMit evidence of their existence. 
A furtlnn' confirmation is derived from the extenidon tf 
them of Bode's empirical law of connexion betwee 



TO THE AMBRfGAir EDITIOIT. IX 

the major axes of the planets.* In a paper recently 
published in the memoirs of the Astronomical Society, 
the author expresses his disbelief in the existence of 
the concentric rings suspected by his father. 

* There are some very earioas instances of this propensity to 
generalise connected with the history of astronomy. Kepler de- 
duced his laws merely by it ; he found them to subsist in the pla^ 
nets which he observed, and boldly announced them as general 
truths ; but he was unable to demonstrate that they were neces- 
sarily true universally, if at all. This was reserved for Newton. 
The confirmation which his researches gave them, fixed them as 
undoubted laws of nature ; till they received this, they were lia- 
ble to be questioned, and even exploded, like many other supposi- 
tions of their fanciful, though most ingenious author, which he 
propounded with equal confidence. In all instances, however, 
whether he was right or wrong, he acted on the same principle 
which we are now discussing, that of beheving in the generality 
of rules which he found to obtain in a few instances. 

Another very remarkable guess of the same nature is contained 
in a singular analogy which Professor Bode, of Berlin, found to 
subsist between the major axes of the different planetary orbits. 
He found that the following table, the mode of the construction 
of which is obvious, very nearly expressed their relative distances, 
taking that of the earth as 10 : — 

Mercury's distance == 4 

Venus's do =44-3.0 = 7 

Eartii's do =44:3.2 = 10 

Mars's do =4-|-3.2«= 16 

Vesta, Juno, Ceres, and Pallas's =4-|-3.2» = 28 

Jupiter's do =4 + 3.2« = 52 

Saturn's do =4 + 3.2* = 100 

It is a very remarkable circumstance in the history of this ta 
ble, that it was formed befwe the discovery of the telescopic pla- 
nets, and that the void thus occurring in the series had led some 
persons to conjecture the existence of a planet between Mars and 
Jupiter, just about the distance at which the telescopic planets 
were aflerwards discovered. A similar conjecture, if the earth's 
planetary character were unknown, would fix a planet at the dis- 
tance actually occupied by the earth ; and this adds a circumstance 
of similarity to those stated in the text, although the force of an 
argument resting on so loose a foundation as this empirical law, 
cannot be very great 

The law itself has lately received aTtemarkable extension from 
Mr. Challis. This gentieman has shown (Cambridge PhUoaeph, 
Drunsact. vol. iii. p. 171,) tijat it prevails not only between the 
distances of the planets from the sun^ but between the distances 
of the satellites from their respective primaries. Thus in the 
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The time selected for this publication wets siiigulariy 
fortunate. It was the first popular treatise that an- 
nounced to the English and American reader four re- 
markable discoveries — ^the extension of the Newton- 
ian law of gravity to the double stars, by Sir John 
Herschel — the discovery of a resisting medium by 
Encke — of the long inequality of Venus and the eartn 
by Airy, — and the correction of an important error ^ 



case of the system of Jupiter, the respective distances of tha 

tcllites may be cxprcsssed witliout considerable error, by the fbl- 

lowing law : — 

Empirical valties. True values. 

7 = 7 6.91 

74.4 = 11 11.0 

7 + 4x2i = 17.51 

7-f-4x(2i)«... = 30.86 

Again, for Uie system of Uranus, we have : — 

Empirical di«tnnco. True distance. 

1283 = 1283 1312 

1283 + 437 = 1720 1720 

1283 + 437 X... = D34 1984 

1283 + 437 X (§)' = 2259 2275 

1283 + 437 X (?)• = 4601 4551 

1283 + 437 X (5)'= 8749 9101 

(The distances of the fourth, fifth, and sixth, have not been 

observed.) 

The system of Saturn, however, offers a peculiarity ; the 'firsts 

second, third, fourth, and fiflh satellites are ranjjrcd according ta 

one series; the first, fiflh, sixth, and seventh, according to 

another : — 

Empirical distance. True distance. 

336 = 336 335 

336 + 82 = 418 430 

336 + 82x2.... = 500 528 

336 + 82 X (2)'... = 664 682 

336 + 82 X (2)'.. = 992 958 

336 + 82x(2)X3 = 2304 2208 

336 + (82)(2=')x3«= 6240 6436 

With the exception here noticed, it may then be afHrmed, that 
the planets and satellites arrange themselves about their primariei 
at mean distances, which observe approximately this progression, 
a, fl + 6, a + r ft, fl + r* ft, &c. The value of r is always one of 
the terms of the scries 1, li, 2, 2i, 3, &c. We may add, that this 
•^lio of 6 to a is generally expressed by very simple numbers ? 
thus, for the planets it is j^'nearly ; for tlie system of Ju|Mter J 
fcr that of Saturn J ; of Uranus § nearly. — Library of Uaeftu 
Knowledge* 
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one-eightieth of the mass of Jupiter, which had been 
adopted by Newton and his followers in the last cen- 
tury, confirmed, and even increased by Laplace and 
his followers in this. 

The importance of these discoveries, from their bear- 
ing upon the history of tlie progress of the science — 
upon the structure of the universe — the stability of the 
solar system — the doctrines of ethics— and upon the 
departments of practical astronomy and navigation — 
will, it is hoped, excuse a more extended notice of 
them. 

The science of astronomy had, in the last few years, 
made rapid progress, particularly since the foundation 
of the- Astronomical Society of London, of which our 
author was one of the principal ornaments, and which 
had in ten years done more to promote the advance- 
ment of astronomy, than any other body of men had 
ever accomplished in the same period of time. 

The British association, following the example of the 
savans of Germany, had held a few annual meetings, 
and had elicited from Professor Airy that celebrated 
report on astronomy, which was read to that body, at 
their session, in 1831. It is but justice to that report 
to say, that it is the only printed document to which 
the reader can refer for a complete history of the pro- 
gress of astronomy in the nineteenth century. Its 
author, George Bedell Airy, had himself borne a dis- 
tinguished part in the career of improvement above- 
mentioned. He is the only Englishman who has — by 
his observations detected — by the Newtoniap theory of 
gravity explained — and by a most remarkable appli- 
cation of the higher analysis computed, the inequaUty 
of long period of Venus and the earth (562). 

This gentleman has been recently appointed astrono- 
mer royal at the Greenwich Observatory, but not before 
he had acquired an imperishable name by this 
discovery, and by his subsequent determination of Ju- 
piter's mass, at the. Cambridge Observatory, of which 
mention will be made in connexion with Encke's hy- 
pothesis of the resisting medium. In Professor Airy's 
report it is distinctly stated, that of the only two ori- 
ginal discoveries of the nineteenth century, one is by 
a German, the other by an Englishman, the author of 
this work. In the chapter on the elliptic orbit of binary 
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stars, (606) Sir John Herschel remarks, <> the author 
of these pages .has himself attempted to contribute his 
mite to these interesting investigations.** This is the 
only mention he has permitted hmiself to make of his 
great discoveries. It is proper in this introductory no- 
tice of the work to state that the learned world have 
with one consent, awarded to Sir John F. W. Herschd 
the merit of the achievements there mentioned ; and for 
them he has received one of the medals c^ the Royal 
Astronomical Society, and the honour of kniehthood 
from his sovereign ; — as if any marks of royal favour 
could £tdd lustre to a name that must be indelibly as- 
sociated with the revolutions of the binary stars as 
that of Newton is with those of the bodies in our own 
system ! 

The first sujcrgestion, that several pairs of stars enu- 
merated in (604) were connected together by the laws 
of gravity, was undoubtedly due to Sir William Her- 
schel. M. Savary published a method by which the 
elliptic elements of the orbits of binary stars might be 
determined from several perfect observations. But to 
Sir John Herschel belongs the merit of first pointUig 
out the proper mode of observing the double stars ; in 
the field of observation he has taken the lead, and 
finally he has been the first to invent t method by 
which observations necessarily erroneous, are made to 
furnish the elements for their own correction, and fbr 
the complete determination oi the orbit to which they 
relate. This novel ftd ingenious method, partly ani^ 
lytical and partly graphic or tentative^ is publisned at 
length in the fifth volume of the Memoirs of the Astro- 
nomical Society of London. The orbits of several pairs 
of binary stars are there given, and are established on 
a basis as immutable as the laws of geometry. Two 
of them, I Bootis, and y Virginis, have found their way 
into the British Nautical Almanac for 1885. The recent 
observations of Professor Struve have confirmed their 
accuracy, and in all ages they will remain the monu- 
ments of the genius of the author of this volume. 

Previous to his departure in 1833 for the Cape of 
Good Hope, the number of binary stars was nearlv 
forty— more wili no doubt be added to the list by hui 
observations in the southern hemisphere : indeed, in a 
letter to Professor Schumacher, in February 1835, he 
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announces the discovery of one of these systems. At 
the same time he describes several nebulas of singular 
appearance.* An extract from the letter is given in 
the note. The list of nebula will serve to complete the 
list inserted in (615.) 

* ^ Having made my arrangements so as to allow me to com- 
mence erecting the instruments (the 20 feet reflector, and the 7 
feet equatorial achromatic,) while the house was preparing for 
our reception, the reflector was already in a conditicAi for viewing 
miscellaneous objects. In the interval between that time and the 
fiflh of March, when the regular series of my sweeps commenced, 
you may suppose that it was not suflered to remain idle. I had 
already by the aid of a small and very portable reflector of 5 
feet focal length, with an object mirror of 9 inches diameter, on 
the Newtonian construction, (the same flirmeriy emj^yed by my 
aunt as a comet-seeker, and which immediately on our arrival 1 
erected in the garden of oar temporary residence) become fkmi- 
liar with most of the great objects of the southern circumpolar 
regions so rich in wonders— such as the two Magellanic douds-— ^ 
the great nebula about 17 Argus— the great clust^n m Gentauri, 
and 47 Toucani, Slc, I may truly say that I felt repaid by the 
views thus obtained of these most astonishing phenomena ror all 
the trouble and inconveniences of our voyage hither. They are 
really magnificent, and such as no description can do justice to. 

*' Just one year has elapsed flrom the commencement of my 
sweeps, to the day (March 5th, 1835,) on which I now resume 
this letter. It will give some idea of the clearness of our South 
Afi'ican sky, when I state that in that interval I have registered 
127 sweeps, and when it is recollected that owing to the invisi. 
bility of the nebules by moonlight, th^nterval between the sev- 
entbiand eighteenth days of the moon*s age is not available ibr 
sweeping. In these sweeps of course a considerable catalogue 
both of nebulffi and double stars has been collected, some of more 
and some of less interest. Among the former the most curious 
no doubt are the planetary and annular nebulsB, both by reason 
of their rarity and their singular and problematic construction ;" 
among them are "R. A 9* 6" N. P. D. 131° 45'. A perfectly 
sharp, well defined, uniform disc, 10 or 12'' in diameter. — 1^ A. 
10" 0" N. P. D. 129° 37', a very brilliant, large, uniform, elliptic 
disc 30" diameter, sharply terminated, and having in or on it, but 
eccentrically placed, a star of the ninth magnitude. — ^R. A IP 43a 
N. P. D. 146*^ 14'. — ^A beautiful round planetary nebula, as sharply 
terminated as a planet, of a perfectly uniform light, and of a fine 
blue colour approaching to green ; the only insulated object of a 
decided blue colour I have ever observed in the heavens. 

J. F. W. Hersciiel.** 
B 
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The other original discovery of this centarj it that 
of the resisting medium by Encke. As this is blendM 
with another m great importance, tnat of an error In 
Jupiter^s estimated mafia, they will both be noticed to- 
gether. 

The masses of any two primary bodies that have 
secondaries revolving round them, are to each other 
directly as the cubes of the mean distances, and inverse 
]y as the squares of the periodical times of these secon- 
daries.* Hence it is only necessary to measure the 
elongations of one of Jupiter's satellites, (the fourth ad- 
mits of greatest accuracy) and thence from the other 
known elements of the orbit of the satellite to deter- 
mine its mean distance, in order to deduce the compa- 
rative masses of Jupiter and the sun. Laplace, from 
the observations of Pound as reduced by Newton, (the 
originals having been lost) computed the mass of Jupi- 
ter to be TrBT.vT o^ that of the sun. This value was 
adopted in tine &st edition of his Mecanique Celeste. In 
the last edition he adopts for the mass of Jupiter Tr4i.7« 
a value deduced by Bouvard from the mutual pertur- 
bations of Jupiter, Saturn, and Uranus. In the fifth 
edition of his Systeme du Monde, in 1824, Laplace states 
that on applying to this computation of Bouvard his 
calculus of probabilities, he finds that the probability 
is eleven million to one that Bouvard's value of Jupiter's 
mass, is not in error by a hundredth part of that value. 
But the decisions of the wisest judges in one age are 
sometimes reversed by their successors the next, and 
not even Laplace, who after Newton was the profound- 
est mathematician of any age, has been exempted from 
the common lot. As if fortune had determined to pun- 
ish that great analyst for his bold invasion of her do- 
mains, the computations were already begun that were 
to overturn this conclusion, and so completely has it 
been effected, that had Laplace survived his publicatio 
but twelve years, his candour would no doubt ha' 
admitted, that the probabilities are now at least a thr 
sand to one that Bouvard's value was in error by rj 
ly twice its hundredth part. 
In 1822 Encke had found it impossible to recc 

* The mass of the secondary is supposed to be very sma) 
wise it must be allowed for. — Editor. 
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tile obseired pertiirbatk>ii8 of hk comet with BoiiTird*t 
mass of Jupiter. He had even then conoeiTed the ne- 
cessity of admitting the existence of a reriating me- 
dioHL — His ofxinions were further confirmed br the 
returns irf* his comet in 1825 and 1829, and aoocMrmnfiij 
in 1831 he announced with some heaitafion, his befief 
that Bouvard's mass oi Jupiter would require to be in- 
creased by nearly one-siirtieth of its Yahie, md tliat 
even tliis correction would not account for the gradual 
diminution of his comet's major axis during ten revo- 
mtions since 1786. He accordingly gave an epbemeris 
of his comet for 1832, in wliich head^ited his new value 
for Jupiter's mass y^.^^, and apptted tlie correctioo 
for a resisting'medium. This epbaneris corresp o nded 
with the comet's observed place in 1832 within the 
limits of tlie errors of observaticm, thus giving a strong 
confirmation of liis opinions, and imp odng upon him 
who should caD them in question,, the ne t e a t ity of 
finding some other plausilMe erpianafion of tiiis ob- 
served accderation of the mean motioo of his comet 
In forming tliese condnsions, Endoe had teaiwed the 
advice of Dr. OUiers respecting tlie irrittfng iiieiliuiB , 
and had other strong reasons for adopting the new 
mass of Jiqiiter. Gauss, Niooil8i,EnclDe; and Hefkea- 
stein, had severally deduced tlie same values for Api- 
ter's mass, firmn the respec ti ve p e ituiliati oes of Fdta% 
Juno, Vesta, and Ceres. It nmst be admitted tlMt the 
wei^ irf* evidence in fiivour of the new fstiinatr, from 
these ccmcurrent testimonies^ is ovenHieiming; and 
stnmg^ confirms the bdfef in tiie theory of a resisting 
medium, Hindi witii Encke was the mult of the aame 
analytical hivestkntion. The mass of these four pla- 
nets, and eapeaaSj of the four periodic comets, is ao 
small that a variation in Jmiter's mass is m e asur e d by 
a much greater space of mstnrbed motioD i i i ipifa s ed 
upon these bodies than iqioo Satnm or Heradwi 

Hence the inference mm the former is liable to for 
less error than fimn the latter, wherev fi'om tlie smaB- 
ness of the space passed tfarongb by tlie disturbed body, 
the estimate is liable to imperKctioos tram httm^ 
Mended with it tiie unavoMable errors of obaervatirMU 
A fonuliar iDustratioQ of this drctu nstanee may be de- 
rived from the common operation of weiekiag with a 
pair of steHyards, whjere the accun^y of tne Domerieal 
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ralue of the weight subnntted to trial, depends upon 
the smallness ol the poise, and the greatness of the 
space passed through by it, for a small variation of the 
weight. It was much to be desired that new measures 
of me elongations of Jupiter*s fourth satellite should 
be made to confirm or refute the hypothesis of Encke. 
In the fiiU of 1832, Professor Airy undertook the per- 
formance, and after a series of careful observations 
with excellent instruments, and after detecting several 
important errors in Laplace*s elements of tliis satellite, 
he obtained a value -^^^ greater even than Enckc*s. 
This value has been confirmed by succeeding observa- 
tions in 1834 by the same gentleman, who obtained for 
this mass a value of ^^4^. In 1835, Professor Santini, 
of the observatory of Padua, by similar observations 
obtained -^^ for the mass of Jupiter,* and £ncke*s 
hypothesis again received an accession of strength 
from these new sources of evidence. The recent re- 
turn of his comet in 1835, observed in Europe, will 
throw more light upon the question ; but can hardly 
produce any important change in its aspect. ISida^s 
comet observed in 1832, confirms the new mass of Ju- 
piter by a similar observed acceleration ; but throws 
new perplexity upon the question of a resisting medium. 
Encke ana Gauss find a dimmution of nine tenths of a 
day in the observed duration of its period due to this 
re^stance. Yalz, from the computations of Damoiseau, 
finds this diminution to be eight tenths. Professor 
Santini, from his own elements, finds four tenths, while 
£^cke*s formula and constant for computing thiH ac- 
celeration only accounts for a diminution of three hun- 
dredths of a day. The mean of the three results would 
show that Biela's comet experiences the resistance of a 
medium twenty-five times as powerful as that which If 
encountered by Encke's comet. Biela*s comet, how 
ever, has not been observed sufficiently to afford an] 
other than a genera] conclusion in favour of the eidst 
ence of such a medium. 

*The importanoe of tliis oorroction will bo roadilj eitiina 
when wo consider that tlie eightieth part of Jupiter*! mat 
more than four timet tlie entire mass of the earth. The dcci 
of it ia of great utility in perfecting the solar, lunar, and pli 
try taUei.^ — Editor, 
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A third body, which, from the nature of its fubi 
and motions, is calculated to have muchinfluei 
the decision of these questions is Halley^s comet, 
which has returned to its perihelion since the pu 
tion of this worlc — an event that was awaited 
^eat anxiety by astronomers. This comet soen 
tmed to exercise a powerful influence in deddii 
fate of the most important theories tliat haveevei 
promulgated. In 1759 its return was looked for 
cide forever the question concerning the extensi 
the Newtonian theory of gravity to the cometary ^ 
The same interest was manifested in its late r 
because on it in some degree rested the decisioi 
cerning the most important theory framed sine 
of Newton. Halley*8 comet, which is new undei 
the ordeal of investigation, will disappear from 
telescopic vision in the spring of this y^ear 1886. 1 
sive preparation has bc^n made for the detenni) 
of its elements from its late return, by the rival s 
of Germany, France, and England. A complel 
cussion of their bearing upon £ncke*s hypotnei 
quires a labour that has hitherto been too great fb 
German assiduity and enterprise, which m this d 
ment have left nothing untried. The labours of 
have been bestowed upon it, and as jet the per 
tions of its motions have only been computec 
correctness for the two periods just completed, 
question of its acceleration by a resisting mediu 
quires for its decision the extension of tMse cox 
tions through one or more of the earlier periods, 
is still a desideratum in astronomy. The comet ] 
its perihelion on the morning of the sixteenth < 
vember. According to the predictions of Rosen] 
' and Ponlecoulant, this event should have occun 
the momhig of the twelfth or thirteenth ; or if i 
rated by a resisting medium, seven and a hall 
earlier, and three days earlier still, if Bouvard'i 
of Jupiter be correct Thus Airy*s mass of Jap 
confirmed ; but £ncke*s hypothesis of a resistin 
dium is, according to the present state of tlie s 
involved in new perplexities, for it is found b; 
that no single estimate of the density of this mi 
or of the law of its resistance, will satisfy the ob 
tions of all three of the comets which are most Ui 
its influence. 

B2 
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Ililiw^» artiii0t ill to iirctgiit rtttanit wasAitibai 
on tbfd fifth of Aogoit, 1 SB5, by Dumoaehdt of the ob- 
servatorr of the OoOyfio Ronuuio hi Rmne, fhrniihiiif 
afiredi fflastcalion ofthe deameM of on Italian akj, 
through.' wUch. the eomet of 1611 was dbeenred by 
Inghiiwiiii aefciral months afterk had dhnppear^ 
Tlew hi more pawerfbl jtdeioopea hi the north of Eu- 
rope. HallejnsocNQet waa'aeea hi Berlfai on the thir- 
teenth* in London on.the twenty^bird, and finally in 
Yale Colkige bv Bfeifn. Ofanated and Loomia» on ^ 
thirty-first of the same mcmtfa* 

The retmir of this eomet has fiimished Arago with 
the onportanity i^ proring by optical expenmenCs 
made in Octobec 1836^ •what was generally beBeved 
befors^ihatiDODieiB shine by reflected light Flvomtiie 
first tOi near the middle m October to' brilliancy |n- 
creasad: and toappasent motion among the stars in 
the northern heniisphepe. was extremely rapid. totdU 
extended throu^ mnr or five degrees in tba heavens. 
At BLcnsington, sir James South observed, two tails in 
one of his. large telescopes. . This comet had a wef 
marked nucleus» unlike the comets of £kicke and Bielr 
whidi are r^nnesented as having only the appearan 
of a thin mist or doud. . In the last return <if Bie^ 
comet, Professor Struve observed a compete cer 
occultation of a star of the ninth magnitude, 
star's brilliancy was not in the slightest degree di 
ished. The bduliancy of Halley's com^ surpassec 
pectaticm, and seined in some degree to confirm 
opinion of <^bers that the dhninution of to Mgfat ^ 
returns is owing to its having come to the perihe 
on the present occasion, at the time when it was 
fi-om the earth. The visibility of Encke's comr 
gust, 1835b contrary to the expectations of End 
also to confirm fhls remark; and should Bieli 
be seen at to next return in 1839, contrary t 
pectations of Santini, who has published an e 
of it— the idea ofthe aradual dissipation of c 
perhaps be banished nam the minds of astrr 

It S4>pe8rs fi^m the above remarks, that 
of a relisting medium taught in this vdum 
rest upon dmnonstrative evidenoe, and that 
ties introdooed into the scisnoe by thedisc^ 
three periodical comets, cannot be complete 
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whether we receive it or reject it While, therefore, a 
belief in its existence is inculcated, the reader should 
carefully distinguish between the nature of the evidence 
upon which it rests, and that of most of the other prin- 
ciples of astronomy. The complete proof of the truth 
of a theory requires a demonstration of the impossi- 
bility of every theory to which it is directly opposed. 
To establish this theory on such a basis, it would be 
necessary to prove that within the acknowledged limits 
of error with which the masses, periods, and other ele- 
ments of the planets and comets are known, there may 
not exist some combination'of causes which on the New- 
tonian theory of gravity, would explain the motions of 
this single comet, without involving the supposition of 
the existence of a resisting medium. As the heavens 
are infinite, and man's observation finite at best, it is 
probable that this will never be accomplished, and that 
the belief in the Enckian theory will fluctuate with fu- 
ture discoveries. 

If we admit this theory, the conse^^uences which fol- 
low are of the grandest nature. The beautiful simpli- 
city of our system, as shown by the theorem of 
Lagrange, (515), (577), that the great machine of the 
universe presents to the conteiO? illative mind no indica- 
tions of beginning or end, is lost The doom of ultimate 
decay seems stamped upon all the works of the Crea- 
tor. Though we cannot by any stretch of the imagi- 
nation embrace the period of the duration of the system, 
the conclusion still forces itself upon our minds that at 
last it must end — ^that one by one the planets must be 
lost in the mass of the sun — ^itself perhaps to be merged 
in other suns, and to contribute by the immensity of 
its attractions, to the destruction of other systems. 
Though such will be the inevitable effect of a resisting 
medium, no individual of our species will witness the 
catastrophe ; for long before this event occurs our race 
will have been destroyed by the heat consequent upon 
the diminished orbit of the earth. 

Sears C Walker. 

Philadelphia, ) 
February I5tk, 1836. 5 
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ASTR^ONOMY. 



INTRODUCTION. 

(L) In entering upon nay scientific pursuit, one of the ^ 
•tadent'0 j&rst endeavours ought to be, to prepare his 
DUDd for the reception of truth, by dismissing, or at least 
lepseninghis hcMon, all such crude and hastily adopted 
notions respecting the objects and relations he is about 
to examine as may tend to embarrass or mislead him; 
and to strengtiien himself, by something of an effort and 
a resolve, for the unprejudiced admission of any eon- 
elusion which shall appear to be supported by careful 
observation and logical argument, even should it prove 
of a nature adverse 'to notions he may have previously 
formed for himself, or taken up, witiiout examination, 
on the credit of others. Such an effort is, in fact, a 
commencement of that intellectual discipline which 
forms one of tiie most important ends of all science. 
It is the first movement of approach towards that state of 
mental purity which alone can fit us for a fuU aind steady 
perception of moral beauty as well as physical adaptation. 
It is the <^ euphrasy and rue" with which we must '< purge 
our sight" before we can receive and contemplate as they 
are the lineaments of truth and nature. 

(2.) There is no science which, more than asuronomy, 
stands in need of such a preparation, or draws more 
laigely on that intellectual liberality which is ready to 
adopt whatever is demonstrated, or concede whatever is 
rendered highly probable, however new and uncommon 

7 
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the pointa of view may be in which objects ihe most 
fainiliar may thereby become placed. Almost all ils 
conclusions atajid in open and striking contradiction 
with those of Euperficial and vulgar obeervalion, and 
with what appears to every one, until he has undentood 
and weighed the proofs to the contrary, the most posi- 
tive evidence of his senses. Thus, the earth on which ' 
he stands, and which has served for ages as the un- 
shaken foundation of the firmest structures, either of art 
or nature, is divested by the astronomer of its attribute 
of fixity, and conceived by him aa turning swiftly on ils 
centre, and at the aame time moving onwards through 
space with great rapidity. The sun and the moon, 
which appear to untaught eyes round bodies of no very 
considerable size, become enlarged in his imagination 
Into vast globes.i — ihe one approaching in magnitude to 
the earth itself, the other immensely surpassing it. The 
planets, which appear only as Blara somewhat brighter 
than the rest, are to him spacious, elaborate, and habit- 
able worlds ; sereral of them vastly greater and far mor 
curiously furnished than the earth he inhabits, as lh( 
are also others less so ; and the stars themselves, propei 
BO called, which to ordinary apprehension present on 
lucid sparks or brilliant atoms, are to him suns of Tarii 
and transcendent glory — effulgent centresof life and]' 
to myriads of unseen worlds: so that when, after ' 
ing bis thoughts to comprehend the grandeur of 
ideas his calculations have called up, and exhaust' 
imagination and the powers of his language to 
similes and metaphors illustrative of the iramen 
the scale on which his universe is oonairucled, he ' 



back to his native sphere ; he finds it, in compr 
mere point; so loBi--even in the minute b' 
which it belongs — as to be invisible and ur 
from some of its principal and remoter memb 
(3.) There is hardly any thing which sets i' 
light llie inherent power of truth over I 
man, when opposed by no motives of interei 
than the perfect readiness with which all i 
sions are assented to as soon as their evidra 
■ppiehended, and the tenacious hold thefr 
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our belief when once admitted. In the conduct, therefore, 
of this yplume, we shall take it for granted that our 
reader is more desirous to learn the system which it is 
its object to teach as it now stands, than to raise or re- 
Tive objections against it ; and that, in short, he comes 
to the task with a willing mind ; an assumption which 
will not only save ourselves the trouble of piling argu- 
ment on argument to convince the skeptical, but will 
greBAy facilitate his actual progress, inasmuch as hje will 
find it at once easier and more satisfactory to pursue from 
the outset a straight and definite path, than to be con- 
stantly stepping aside, involving himself in perplexities 
and circuits, which, after all, can only terminate in 
finding himself compdled to adopt our road. 

(4.) The method, therefore, we propose to follow is 
neither strictly the analytic nor the synthetic, but rather 
such a combination of both, with a leaning to the latter, 
as may best suit with a didactic composition. Our object 
IS not to convince or refute opponents, nor to inquire, 
under the semblance of an assumed ignorance, for prin- 
ciples of which we arp all the time in full possession— 
. but simply to teach what we know. The moderate limit 
of a single Tolume, and the necessity of being on every 
point, within that Ihnit, rather difiuse and copious in ex- 
planation, as well as the eminentiy matured and ascer- 
tained character of tiie science itself, render this course 
both practicable and eligible. Practicable, because there 
is now no danger of any revolution in astronomy, like 
tiiose which ^ire daily changing the features of the less 
advanced sciences, supervening, to destroy all our hypo- 
tiieses, and tiirow our statements into confusion. Eligible, 
because the space to be bestowed, either in combating 
refuted systems, or in leading the reader forward by 
slow and measured steps from the known to the un- 
known, may be more advantageously devoted to such ex- 
planatory illustrations as will impress on him a familiar 
and, as it were, a practical sense of the sequence of phe- 
nomena, and the manner in which they are produced. 
W e shall not, Uien, reject the analytic course where it 
leads more easily and &«ctiy to our objects, or in any 
way fetter ourselves by a rigid adherence to method. 
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Wriril|f^fli0f l» tM ^uiJbn«ood;«*dl9#omttiiM9^ 
WBtci iBfomntibhii ki ii Mft flpm att poMlils, MMiiiMk 
ehllf wttite dnrfiiaf-anA ^htfwif eonjannfleiiioB^ W» 
caii sflRnd to.tDMlw bo MtsriSo^'toiyviBiBf to fotutf #r ti 
.aflbetatif^-'< ^■' - 

(5.) W«iiAMl! tab faf gfiulfad, firai the mit t ^ -Jtm 
Copeitdeift (qfateflfr ef tike woM i^telymg on tho ^mff 
ohnooBf sad n^ttnl eaepfoftalkm it affma of ill tiujkffett^ 
iioineiHr' M' tise^ tioiiio .Ito h^ dMOiibody to^ vBuproittf'Ibi 
atodenlnrift 8 ifliiae of ife»ftiiili|Mtlioat oidm the fiRBMi> 
a^tj of d^lnoiiitafiOtt' or tiio •dp fWf tf o w Wdi «i » '!Of 
eiriogy, ciffi^ to nttri fli^ Jm^^iiM^ 
~'«T]Mioriataiii vlrai; aietiiret qimuwiii iBritataft^v^ilfa^ 
paTtium adajMtiJiHie; xfiAi ^^^ tt^Mmr MHMttk'^ 
liiantar ;^ ♦- jwy^^^haKAg; li<i (w ^ » igt j4y polat fwi t ly itf fc 
Tssdcrf 9B oonMBfo. OBOfB^'ISa^^MranHUt^iiniloA id 9ttjM|rikM 
fimpUdtr ofiM^ ti» ibd eomUMliok of oA^ kfpothMM; 

(0.) The lAraiaitittJbTl^Wl^^ wldeh it ii deelnUl 
that die otxMnit lAkMUd'poMeaa, iii (ttder ibr Hie oMin 
advanti^gooilji j^rai^ '<^ ih6.f(fflbidii^ |W^ oonrietli it 
tiie fsuB&tf {Motifee df decimal attd ai^liigMfiiMl aiilli 
meticf iVi^ iqpcbratirdoqMiitaieJe 'WiA jjeadiolfTtAu 
irigoBfi)mi7/t)alh piae6 dad'0^ 1M otateedtar 

prindmo of meehm&t ; sad enod^ of opiiea to ondof 
stand n#eoB0tnietloa nd aae cf the teleactojper tod aobi 
other of ibe ailiiptef jtutirumeMe. For the aOq|«ii^tkm o 
these we niirjr lefer fiim^ fo dioed othef parts of Htm C5 
elopaedia whiol^ pi^AfiM to Mat of tho flOToral sobjeettl i 
question. Of ooufse, the more of cmoh taiowMgo h 
brings to the petdsal, the eai^ier ^Mk be his progresSy ar 
the mote eomplete the infonfiatioii- gain[0# ; bat mm si) 
endeayotur iti o^erf' oaee, as fer as it ean be' dene tH 
oat a saerMoe of eUwrness, and of ihainsefiil bfOt 
which consists in the absence <^ pfrolixitir add episr 
to render what we have to say as independent of f 
books as possible. 

(7.) After all, we mast distinctly cantion each 
readers ai mi^ commence and terminate their ast 



• The <xmfiiaiijfeu» of diconifr rate Ob ib» 
tiieir parts, by whichjlike thwv or an arc^ gb dbnie, diflf 
fOBtain each mher, ma ftnrm a o^reitt ^sdiole. 
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cai studies with the present work (though of inch, — at 
least in the latter predicament, — we trust the number will 
be few), that its utmost pretension is to place them on 
the threshold of this particular wing of the temple of sci- 
ence, or rather on an eminence exterior to it, whence 
they may obtain something like a general notion of its 
structure ; or, at most, to give those who may wish to 
enter, a ground-plan of its accesses, and put them in pos- 
session of the pass- word. Admission to its sanctuary, 
and to the privileges and feelings of a votary, is only to 
be gained by one means,— a sound and sufficient knou)* 
ledge of mathematics^ the great inst'^ment of all exact in* 
quiry^ vnthout which no man can ever make such ad* 
vances in this or any other of the higher departments of 
science^ as can entitle him to form an indq^endent opi- 
nion on any subject of discussion unthin their range. It 
is not without an effort that those who possess this know- 
ledge can communicate on such subjects with those who 
do not, and adapt their language and their illustrationfl to 
the necessities of such an intercourse. Propositions 
which to the one are almost identical, are theorems of 
import and difficulty to the other ; nor is their evidence 
presented in the same way to the mind of each. In 
teaching such propositions, under such circumstances, 
the appeal has to be made, not to the pure and abstract rea- 
son, but to the sense of analogy,*— to practice and expe- 
rience : principles and modes of action have to be esta- 
blished, not by. direct argume^ti from acknowledged 
axioms, but by brin^g forward and dwelling on simple 
and familiar instances in which the same principles and 
the same or similar modes of action take plac(B ; thus 
erecting, as it were, in each particular case, a separate 
mduction, and constructing at each step a little body of 
science to meet its exigencies. The difference is that 
of pioneering a road through an untraversed country, and 
advancing at ease along a broad and beaten highway ; 
that is to say, if we are determined to make ourselves 
distinctly understood, and will appeal to reason at all. 
As for the method of assertion^ or a direct demand on 
(tie faith of the student (though in some complex cases 
indispensable, where illustrative explanation would defeat 
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its own end by becoming tedious and burdensome to both 
parties), it is one which we shall neither adopt omselTaf 
nor would recommend to others. 

(8.) On the other hand, although it is something new 
to abandon the roadof maUiematical demonstration in the 
treatment of subjects susceptible of it, and teach any con- 
siderable branch of science entirely or chiefly by the war 
of illustration and familiar parallels, it is yet not impoMi 
ble that those who are already weU acquainted with our 
subject, and whose knowledge has been acquired by that 
confevedly higher and better practice which is incompa* 
tMe widi the avowed objects of the present work, may 
yet find their account in its perusal,— for this reason, that 
it is always of advantage to present any given body of ^ 
knowledge to the mind in as great a variety of difTerenl 
lights 88 possiblcf.' It is a property of illustrations of this 
kind to strike no two minds in the same manner, or with 
the same force ; because no two minds are stored with 
the same images, or have acquired their notions of them 
by similar habits. Accordingly, it may very well hap- 
pen, that a proposition, even to one best acquainted with 
it, may be placed not merely in a new and uncommon, 
but in a ^ore impressive and satisfactory light by such 
a ooune-HMime obscurity may be dissipated, some inward 
misgiving deared up, or even some link supplied which 
may load to the perception of connexions and deductions 
III together unknown befiore. And the probability of this 
in increased when, it s& die present instance, the illustra- 
tions chosen have not been studiously selected from books, 
Htit are sjMlh as have presented themselves freely to the 
inithir's mind ns being most in harmony with his own 
vinwM ; by which, of course, ho means to lay no claim 
to ofljKhmllty hi nil or any of them beyond what they 
triuv rufitly ooftsrM. 

(Ui) lldffldiiN, thnro are rnnon in tho application of m^ 
«'liHfi)f<fit prlm^ij'InN with whir^li tho mnthcmntical stude 
IK Ifiit U9(f fHrnlflnri whfirn, wlirn tho dntn arc before hir 
mikI tlm niirrmr)<<tit find iKMomotrioiii rolntions of his pr 
U\t^n\n hII rit^nf Ui h\n Nmrfifrtion,— Avhfn his forces 
^atlffiMf^d findii}ffl)nrif(rrmnNnrml,-^Titiy« wfion even he 
tif\\owt^t\ Uftlhf' tipfiWt'nhhn of hi^tfrlniirnl prorrwrir 
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fairly arrived at his conclusion^— there is still something 
wanting in his mind — ^not in the evidence, for he has ex- 
amined each link, and finds the chain complete — ^not in 
the principles, for those he well knows are too firmly es- 
tablished to be shaken — but precisely in the mode of oA" 
Hon, He has followed out a train of reasoning by logical 
and technical rules, but the signs he has employed are not 
pictures of nature, or have lost their original meaning as 
such to his mind : he has not seen, as it were, the pro- 
cess of nature passing under his eye in an instant of time, 
and presented as a whole to his imagination. A familiar 
parallel, or an illustration drawn from some artifitial or 
natural process, of which he has that direct and individual 
impression which gives it a reality and associates it with 
a name, will, in almost every such case, supply in a mo- 
ment this deficient feature, will convert all his symbols 
into real pictures, and infose an animated meaning into 
what was before a lifeless succession of words and signs 
We cannot, indeed, always promise ourselves to attain 
this degree of vividness in our illustrations, nor are the 
points to be elucidated themselves always capable of be- 
ing so paraphrased (if we may use the expression) by 
any single instance adducible in the ordinary coarse of 
experience ; but the object will at least be kept in view ; 
and, as we are very conscious of having, in making such 
attempts, gained for ourselves much clearer views oi seve^ 
ral of the more concealed effects of planetary perturbar 
tion than we had acquired by their mathematical investi- 
gation in detail, we may reasonably hope that the endeavour 
will not always be unattended with a similar success in 
others. 

(10.) From what has been said, it will be evident that 
our aim is not to offer to the public a technical treatise, 
in which the student of practical or theoretical astronomy 
shall find consigned the minute description of methods 
of observation, or the formulas he requires prepared to 
his hand, or their demonstrations drawn out in detail. In 
all these the present work will be found meagre, and quite 
inadequate to his wants. Its aim is entirely different ; be 
ing to present in each case the mere ultimate rationale of 
facts, arguments, and processes ; and, in all cases of mathe 
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matical Iqpplieadon, avoidiiig whalever would tend to 
cumber ite psges- with algebraic or geometrical sjrmbolf, 
to place under his inspection that central thread of ooift- 
mon sense on which die pearls of analytical research are 
inrairiably attrnhg ; but which, by the attention the laUei 
claim for AtemselTes, is oflen concealed from the eye of 
the gaxer, and not always disposed in the stnightest and 
most eonTement form to follow by those who string them. 
This is no firalt of &ose who have e<mdacted the inqoi* 
ries to whidi we allude* The contention of mind fot 
which^ they call is enormous ; and it may, periuips, be 
owing to theil* esqperienoe of how IMSfa.Ma be accomplish- 
ed in carrjring sneh processes on 1^ Aieb eoadnsion, br 
mere ordinary deamesi of laadf slid how a e ces sai ry il.^' 
of^n is to pay moA| attention to the pnftiy malheniatied 
conditiiotis irhich iluMire success,— Ae hodu-and-eyes of 
their equations and series, — than to iho#b which enchain 
causes with -Aieir effects, and both witfii the human rea- 
son,— that we must attribute something of diat indistinet- 
ness of iieW which is often complained of as a grierance 
by the eamiwt student, and BtiQ more commonly ascribed 
ironicdly lifihe native doudiness of an atmosphere too 
sublime. Tot Yulgar comprehension. We think we shall 
render fobd service to both classes of readears, by dissi- 
pating, so far as our power lies, that accidental obscuritTt 
and by showing ordinary untutored comprehension dearly 
what it can, and what it cannot^ ha^ to attain. 



CHAPTER I, 

tSenenl Notfom— Form and Magmtnde of the Eailb— Hotimn md ' 
Dip— Tb* Atnoipiieitt— R0ftttctkm--TwiUd^t~Apf)eanDeM ran 
ing from diurnal Mbtkn — ^Ftoallax— Fint Slep lowardfl fi»iiuQf 
Idea of Um Dbtanee of the Sten— Definitioos. 

(11.) Thk magnitudes, distances, arrangement, t 
motions of the great bodies which make up the vis 
universe, their constitution and physical conditior 
far as they can be known to us, with their mutur 
fluences and actions on each other, so far as they c 
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traced by the effects produced, and established by legi- 
timate reasoning, form the assemblage of objects to 
which the attention of the astronomer is directed. The 
term astronomy* itself, which denotes the law or rule 
of the astra (by which the ancients understood not only 
the stars propeiiy so called, but the sun, the moon, and 
all the visible constituents of the heavens), sufficiently 
indicates this ; and, although the term astrology, which 
denotes the reason, theory, or interpretation of the 
stars ,t has become degraded in its application, and con- 
fined to superstitious and delusive attempts to divine 
future events by their dependence on pretended plane- 
tary influences, the same meaning originally attached 
itself to that epithet 

(12.) But, besides the stars and odil^ celestial bodies, 
the earth itself, regarded as an individual body, is one 
principal object of the astronomer's consideration, and, 
indeed, the chief of all. It derives its importance, in a 
practical as well as theoretical sense, not only from its 
proximity, and its relation to us as animated beings, 
who draw from it the supply of all our wants, but as the 
station from which we see all the rest, and as the only 
one among them to which we can, in the first instance, 
refer for any determinate marks and measures by which 
to recognise their changes of situation, or with which to 
compare their distances. 

(13.) To the reader who now for the first time takes 
up a book on astronomy, it will no doubt seem strange 
to class the earth with the heavenly bodies, and to as- 
sume any community of nature among things apparently 
so different. For what, in fact, can be more apparently 
different than the vast and seemingly immeasurable ex- 
tent of the earth, and the stars, which appear but as 
points, and seem to have no size at all ? The earth is 
dark and opaque, while the celestial bodies are brilliant. 
We perceive in it no motion, while in them we observe 
a continual change of place, as we view them at different 

*> Arriif, a atar ; voftog, a law ; or y<A(»% to tend, as a idiepherd his flodc; 
BO that »rr f9voM9e means ** shepherd of the stars.'' The two etyaMdoyies 
are, however, coincident 

t Ae^^of , reason, or a ward, the vehicle of reason^ llie inten^roter of 

"-^ C2 
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homri of the day or nigBt, or at different seasons of the 
year. Th# aneientSy accordingly, one or two of the more 
enlightened of them only excepted, admitted no soch 
eomnnmitY of nature; and, by thus placing the heavenly 
bodies and their movements without the ^e of analogy 
and ezperieneet effectually intercepted the progress of 
all reasoning from what passes here below, to what is 
eoing on in the regions where they exist and move. 
Under soch eonrentions, astronomy, as a science of 
cause and effect, could not exist, but must be limited to 
a mere registry of- appearances, unconnected with any 
attempt to account wr them on reasonable princijdes 
To get rid of this prejudice, therefore, is the first step 
towuds acquiring a knowledge of what is really thff 
case I and the student has mi^ his first effort towards 
the acquisition of sound knowledge, when he has learnt 
to famfliarize himself with the idea that the earth, after 
all, may be nothing but a great star. How correct such 
an idea may be, and with what limitations and modificsr 
tions it is to be admitted, we shall see presently. 

(14.) hr is evident, that, to form any just notions of 
the arrangement, in space, of a number of objects which 
we cannot approach and examine, but of which all the 
information we can gain is by sitting still and watching 
their evolutions, it must be very important for us to 
know, in the first instance, whether what we call sitting 
still is really such : whether the station from which w 
view themj with ourselves, and all objects which in 
mediately surround us, be not itself in motion, unpe 
ceived by us ; and if so, of what nature that motion h 
The apparent places of a number of objects, and thr 
apparent arrangement with respect to each other, t 
of course be materially dependent on the situation of 
spectator among them ; and if this situation be liah 
change, unknown to the spectator himself, an appe? 
of change in the respective situations of the objer 
arise, without the reality^ If, then, sucfi be 
the case, it will follow Uiat all the movements, y 
we perceive among the stars will not be real mo^ 
but that some part, at least, of whatever changi 
lative place we perceive among them must b 
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apparent, the results of the shifting of our own point of 
view ; and that, if we would ever arrive at a knowledge 
of their real motions, it can only be by first investigatinr 
our own, and making due aUowance for its efifectB. 
Thus, the question whether the earth is in motion or at 
rest, and if in motion, what that motion is, is no idle in- 
quiry, but one on which depends our only chance of 
arriving at true conclusions respecting the constitatkui 
of the universe. 

(15.) Nor let it be thought strange that we should 
speak of a motion existing in the earth, unperceived by 
its inhabitants : we must remember that it is of the earth 
as a whole^ with all that it holds within its substance, 
or sustains on its surface, that we are speaking ; of a 
motion common to the solid mass beneath, to tlM ocean 
which flows around it, the air that rests upon it, and the 
clouds which float above it in the air. Such a motion^ 
which should displace no terrestrial object from its re- 
lative place among others, interfere with no natural pro- 
cesses, and produce no sensations of shocks or jerks, 
might, it is very evident, subsist xmdetected by us. 
There is no peculiar sensation which advertises us that 
we are in motion. We perceive jerks, or shocks, it is 
true, because these are sudden changes of motion, pro- 
duced, as the laws^ mechanics teach us, by sudden 
and powerful forces acang during short times ; and these 
forces, applied to our bodies, are what we feel. When, 
for example, we are carried along in a carriage with the 
blinds down, or with our eyes closed (to keep us from 
seeing extemial objects), we perceive a tremor arising 
from inequalities in the road, over which the '^arriage is 
successively lifted and let fall, but we have no sense of 
progress. As the road is smoother, our sense of motion 
is diminished, though our rate of travelling is accelerated. 
Those who have travelled on the celebrated rail-road 
between Manchester and Liverpool testify that but fox 
the noise of the train, and the rapidity with which ex- 
ternal objects seem to dart by them, the senstxtipn ia al- 
most tiiat <tf perfect rest. 

(16.) But it is on shipboard, where a great system is 
muntained in motion, and where we are surrounded 
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with a mnltitade of objects which participate with oar- 
selves and iMll'^ther in the common progress of tho 
>Thole mass^'.wat'wc feel moat^atisfactorilj the identity 
of sensation between a state of motion and one of rest. 
In the cabin of a large and heavy vessel, going smoothlr 
befove^the wind in still wat^» or drawn along a canaly 
not the smallest indication acquaints us with the way it 
is ttjhkiitg; We tead, sit, walk, and perform every cos- 
tomary,aetidn as if we were on land. If* we throw a 
ball into the air, it ftUs back into our hand ; or, if we 
drop it, it lights at our feet Insects buzz around us as 
in the free, air f and smoke ascends in the same manner 
as it would do in' an apartment on shore. If, indeed^ 
we come on deck, the case is, in some respects, diffeiK 
ent ; tbUir, not being carried along with us, drifts awag^ 
smoke and other light bodies — such as feathers afasp^ 
doned to it— apparently, in the opposite directioD to that 
of the ship's progress ; but, in reality, ihey remain at 
rest, and we leave them behind in the air. Still, the 
illusion, so far as massive objects and our own move- 
ments are concerned, remains complete ; and when we 
look at the shore, we then perceive the effect of our own 
motion transferred, in a contrary direction, to external 
objects — external^ that is, to the system of which W4 
form a part, 

** ProYehimur porta, teirsBque urbesque recedunt** 

(17.) Not only do external objects at rest appear in 
motion generally, with respect to ourselves when we 
are in motion among them, but they appear to move one 
among the other — they shift their relativi apparent 
places. Let any one travelling rapidly along a higl) 
road fix his eye steadily on any object, but at the same 
time not entirely withdraw his attention from the gene? 
ral landscape, — ^he will see, or think he sees, the whole 
landscape thrown into rotation^ and moving round that 
object as a centre ; all objects between it and himself 
appearing to move backwards^ or the contrary way ^ 
his own motion ; and all beyond it, forwards, or in f 
direction in which he moves : but let him wididraw 
eye from that object, and fix it on another,— a nei 
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one, for instance, — immediately the appearance of ro- 
tation ffhifts also, and the apparent centre about which 
this illusive circulation is performed is tramferred to the 
new object, which, for me moment, appears to rest 
This apparent change of situation of objects with re* 
spect to one another, arising from a motion of the spec- 
tator, is called a parallactic motion ; and it is, therefore, 
evident that, before we can ascertain whether external 
objects are really in motion or not, or what their mo- 
tions are, we must subduct, or allow for, any such pdh 
rallactic motion which may exist. 

(18.) In order, however, to conceive the earth as in 
motion, we must form to ourselves a conception of its 
shape and size* Now, an object cannot have shape and 
size, unless it is limited on all sides by some definite 
outline, so as to admit of our imagining it, at least, dis- 
connected from other bodies, and existing insulated in 
space. The first rode notion we form of the earth is 
that of a fiat surface, of indefinite extent in all directions 
from the spot where we stand, above which are the air 
and sJ^ s below, to an indefinite profundity, solid mat- 
ter. This is a prejudice to be got rid of, like that of the 
earth's immobility ; but it is one much easier to rid our- 
selves of, inasmuch as it originates only in our own 
mental inactivity, in not questioning ourselves where we 
wiU place a limit to a thing we have been accustomed 
from infancy to regard as immensely large ; and does 
not, like that, originate in the testimony of our senses 
unduly interpreted. On the contrary, the direct testi- 
mony tif. our senses lies the other way. When we see 
tiie sun se^in the evening in the west, and rise again in 
the east, as we cannot doubt that it is the same sun we 
see after a temporary absence, we must do violence to 
all our notions of solid matter, to suppose it to Jbave 
made its way through .the substance of the earth. It 
must, therefore, have gone under it, and that not by a 
mere subterraneous channel ; for if we notice the points 
where it sets and rises for many successive days, or for 
a whole year, we shall find them constantly shifting, 
round a very large extent of the horizon ; and, besides, 
the moon and stars also set and rise again in all points 



W ^^flmjUTIME ON ASTRONOBIY. [[GlUPt A 

of the risible horizon. The iN^iiclusion is plain : the 
earth oannot extend indefinitdy in depth downwards, 
nor indefinitelj in surface laterally ; it must have not 
only bounds in a horizontal direction, but also an under 
Haif round which the sun, moon, and stus can pass ; 
and that side must, at least, be so fisr like what we see, 
that it must have a sky and sunshine, and a day when it 
is night to us, and vice vm'sa ; where, in short, 

— ** radit a oobn Aurora, diemque reducit 
Noique nfai pdmuB equk orieiis afflavit anhelia, 
niic MiE raMOi accradit lumina Vesper." Qeorg. 

(19.) As soon as we have familiarized ourselves with 
the conception of an earth without /ot/nda^tona or fixed 
supports-^existing insulated in space, from contact of 
every thing external, it becomes easy to imagine it in 
motion— or, rather, difficult to imagine it otherwise ; for, 
since there is nothing to retain it in one place, should 
any causes of motion exist, or any/orces act upon it, it 
must obey their impulse. Let us next see what obvious 
circumstances there are to help us to a knowledge of the 
8h(q)e of the earth. 

(20.) Let us first examine what we can actually see 
of its shape. Now, it is not on land (unless, indeed, on 
uncommonly level and extensive plains) that we can see 
any thing of the general figure of the earth ;— the hills, 
trees, and other objects which roughen its surface, and 
break and elevate the line of the horizon, though ob- 
viously bearing a most minute proportion to the whole 
earth, are yet too considerable, with respect to ourselves 
and to that small portion of it which we can see at a sin- 
gle view, to allow of our forming any judgment of the 
form of the whole, from that of a part so disfigured. 
But with the surface of the sea, or any vastly extended 
level jplain, the case is otherwise. If we sail out of sight 
of land, whether we stand on the deck of the ship or 
climb the mast, we see the surface of the sea— not losing 
itself in distance and mist, but terminated by a sharp, 
clear, well defined line, or offing as it is called, which 
runs all round us in a circle, having our station for its 
centre. That this line is really a circle, we conclude, 
first, from the perfect apparent similarity of all its parts 2 
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and, secondly- from the fact of all its parts appearing at 
the same distance from us, and that evidently a mode- 
rate one; and, thirdly, from this, that its apparent 
dictmeter, measured with an instrument called the dip 
sector^ is the same (except under some singular atmo- 
spheric circumstances, which produce a temporary distor- 
tion of the outline), in whatever direction the measure 
is taken, — ^properties which belong only to the circle 
among geometrical figures. If we ascend a high emi- 
nence on a plain (for instance, one of tlie Egyptian py- 
ramids), the same holds good. 

(21.) Masts of ships, however, and the edifices erected 
by man are trifling eminences compared to what nature 
itself affords ; iEtna, Teneriffe, Mowna Roa, are emi- 
nences from which no contemptible aliquot part of the 
whole earth's surface can be seen ; but from these again 
—in those few and rare occasions when the transparency 
of the air will permit the real boundary of the horizon, 
the true sea-line, to be seen — the very same appearances 
are witnessed, but with this remarkable addition, viz. 
that the angular diameter of the visible area, as mea- 
sured by the dip sector, is materially less than at a lower 
level, or, in other words, that the apparent size of the 
earth has sensibly diminished as we have receded from 
its surface* while yet the absolute quantity of it seen at 
once has been increased. 

(22.) The same appearances are observed universally, 
in every part of the earth's surface visited by man. 
Now, the figure of a body which, however seen, ap- 
pears always circtdar^ can be no other than a sphere or 
globe. 

(23.) A diagram will elucidate this. Suppoise the 
earth to be represented by the sphere LHNQ* whose 
centre is CT, and let A, G, M be stations at different 
elevations above various points of its surface, represent- 
ed by a, gf w, respectively. From each of them (as 
from M) let a line be drawn, as MNn, a tangent to the 
surface at N, then will this line represent the visual ray 
along which the spectator at M will see the visible ho- 
rizon ; and as this tangent sweeps round M, and comes 
successively into the positions MOo, MP/), MQ^, the 
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p<iint of contact N will mark out on the surface the circle 
N O P Q. The area of this circle b the portion of the 
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earth's surface visible to a spectator at M, and the angle 
NMQ included between the two extreme visual rays is 
the measure of its apparent angular diameter. Leaving, 
at present, out of consideration the effect of refraction in 
the air below M, of which more hereafter, and which 
always tends, in some degree, to increase that angle, or 
render it more obtuse, this is the angle measured by the 
dip sector. Now, it is evident, 1st, that as the point M 
IS more elevated above m, the point immediately below 
it on the sphere, the visible area, t. e. the spherical seg- 
ment or slice NOPQ, increases ; 2dly, that the distance 
of the visible horizon* or boundary of our view from 
the eye, viz. the linn MN, increases ; and, 3dly, that 
the angle MNQ bncoonns less obtuse^ or, in other words, 
the apparent angtilHr diamrtrr of the onrth diminishes, 
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being nowhere so great as 180°, or two right angles, 
but falling short of it by some sensible quantity, and that 
more and more the higher we ascend. The figure ex- 
hibits three states or stages of elevation, with the hori- 
zon, &x, corresponding to each, a glance at which will 
.explain our meaning ; or, limiting ourselves to the larger 
and more distinct, MNOPQ, let the reader imagine 
nNM, MQ^ to be the two legs of a ruler joined at M^ 
and kept extended by the globe NmQ between them. 
It is clear, that as the joint M is urged home towards 
the surface, the legs will open, and the ruler will become 
more nearly straight, but will not attain ]|9er/€cf straight- 
ness till M is brought fairly up to contact with the sur- 
face at m, in which case its whole length will become a 
tangent to the sphere at 7n, as is the line ocy, 

(24.) This explains what is meant by the dip of the 
horizon. Mm, which is perpendicular to the genera] 
surface of the sphere at m, is also the direction in which 
A plumb-line* would hang; for it is an observed fact, 
that in all situations, in every part of the earth, the di- 
rection of a plumb-line is exactly perpendicular to the 
surface of still-water; and moreover, that it is also ex- 
actly perpendicular to a line or surface truly adjusted by 
a spirit-level, * Suppose, then, that at our station M we 
were to adjust a line (a wooden ruler for instance) by a 
spirit-level, with perfect exactness ; then, if we suppose 
the direction of this line indefinitely prolonged both 
ways, as XMY, the line so drawn will be at right 
angles to Mm, and therefore parallel to xmy, the tan- 
gent to the sphere at m. A spectator placed at M will 
uierefore see not only all the vault of the sky c^ove this 
line, as XZY, but also that portion or zone of it which 
lies between XN and YQ ; in other words, his sky will 
be more than a hemispherei by the zone YQXN. It is 
the angular breadth of this redundant zone— the angle 
YMQ, by which the visible horizon appears depressed 
below the direction of a spirit-level— that is called the 
dip of the horizon. It is a correction of constant use ia 
nautical astronomy. 



* See this instrument deMiibed in chap. II* 

D 



* 



ft- 



(2f^A Protn Iha foregoing exphna^^ODB it ippeaiSy 
Ifttf Tn^ fho ffeneral figare m the earth (fo far as it ean 
1^ ttniUtfr^ mmi thii kind of obterration) ia that of a 
»ph^rfT ttr globe* In tbia we ylao include that of the aea, 
wbii^hf wheiwrer it extendi^ eovera and fills in those in- 
^/funlftiei Mfd loeal inregntarities which exist on land, 
}rtii wbi^b can of eoorse onljr be regarded as trifling de* 
riki\tmn from the general outline of the whole mass, as 
w^ f*,ttti(iiAn sn orange not the less round for the rough- 
mnntiti on ile rind« tf<llv, That the appearance of a viai- 
htf. hofij0Ofli or eea offltigf is a consequence of the cur- 
fftiif r«f of dfO enrfiicef and does not arise from the inability 
f^f lliff ^ye to follow objects to a greater distance, or 
frtim ftitnoMpheflo itidistinctness. It will be worth while 
fo \n\tn\M3 the general notion thus acquired into some of 
ItA nriitd^fjdtteneQSff by which its consistency with obser- 
VHtinttM 01 t dlflbrent kind, and on a larger scale, will be 
pift ta ttiA testi and n clear conception be formed of the 
\mym^f in which the partA of the earth are related to 
f'hi'h ftihrff and held together as a whole. 

C^O.) In tite flrst ptnco, then, every one who has passed 
» IJHln whitd nt the sea side is aware that objects may be 
fi»<nn finrlfitUly wrll beyond the offing or visible horizon 
^~A}\\\ nnt \\\%y whole of them. We only see their upper 
)MMin. Tht^tr bases where they rest on, or rise out of 
()in wntnr, lire hid from view by tlie spherical surface of 
(h0 Piimi which protrudes between them and ourselves. 
Nttp|Hiii0 a shlpi for instance, to sail directly away from 
MMv rtttitbni— -nt Ant, when the distance of the ship is 
vMuUl, u spectator* S, situated at some certain height 
Ah%n<^. \\\p, aea, aoea the whole of the ship, even to the 
mthr /oie where it reala on the sea, as at A« As it re- 
i(^\\j}^ it diminiahes, it is tme, in apparent size, but still 
}\\^ ,V'W^ is seen down to the water line, till it reaches 
\\\<^ v^siNf horixon at B. But as soon as it has passed 
'.)\i:6 di^uuiee, not only does the visible ytmum still eon- 
ikwxw lo diminish in apparent 9iz€^ but lb« imti begins to 
if^itK^A^pojir bodOy, as if swik befteior ikm mdmn. When 
i\ hA5 mdied' a eettam ii^^tm^t m M C^ im bnll 
>>$.!t f./itirf ly ranisibedL hu Hfee miwW w4 tmlM remain. 
,-.vf>«f ;.-:3Ti£*ii»e ^jp^tmmtM €^ liwrt ^, w <bi« «Ute of 
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things, the spectator quickly ascends to a higher station, 
T, whose visible horizon is at D, the hull comes again 
in sight ; and when he descends again he loses it The 
ship still receding, the lower sails seem to sink below 
the water, as at d^ and at length the whole disappears : 
while yet the distinctness with which the last portion of 
the sail d is seen is such as to satisfy us that were it not 
for the interposed segment of the sea, ABODE, the dis- 
tance TE is not so great as to have prevented an equally 
perfect view of the whole. 

(27.) In this manner, therefore, if we could measure 
the heights and exact distance of two stations which 
could barely be discerned from each other over the edge 
of the horizon, we could ascertain the actual size of the 
earth itself: and, in fact, were it not for the effect of re- 
fraction, by which we are enabled to see in some small 
degree round the interposed segment Tas will be here- 
after explained), this would be a tolerably good method 
of ascertaining it. Suppose A and B to be two emi- 




nenoes, whose perpendicular heights A a and B h (which, 
for simplicity, we will suppose to be exactly equal) arc 
known, as well as their exact horizontal interval a D 2r, 






fyU hifiAtm ut b^llu will 1m itift hsl^'fr^ between 
iMf^f, M^Mt if w« mippoM aDf to be Ifae sphere of 
Mm^ ^Mfihi M»4 im centre in the figue CD6B, we 
bfM^w ll/^i iiiA km|;th i^f the treh of the ciide between 
II MM'I Af^^*vi$9« timi the meMnred interral, and &B, tiia 
^i^^tM Mf \in mmxii ftbeva iti radiiii— which is the height 
<«f If i^^li^ift whletif hy the iolntion of, an easy geometrical 
mMii\\\^ mriiU u« to ftnd the length of the radini J)C. 
ir'i HM i^ r«<^ly Uie eMOf we fuppose both the heights and 
,1i4iHMf<^ of Im stations Ifteonsidenible in oomparisonwiih 
lli^ ptlMM of Ao muthi tlH) solution aUuded to is contained 
\\\ \\w Aillowing proposition i-» 

7 %0 mrlW$ mm$t0r b0ar$ f As Mms proporHen fo the 
ilhhmi'$ (}f thi pitlMp horUimf\rom the eye em 4hiU die- 
/iMMtft f/o#ff h Ml Might iff the sys oftot^ the eea levei. 

Wh^tt ito itltom iM ttnoqnaTln height the preUon 
i« H \\\\]fi xMfP tompUeatsd. 

l^H,^ Ald^onghi M we haye^obstrfed* the efibct of 
iiitVm'Uou pn»Y^At« this from Wing an exact method of 
f«ii(««»vli^iMi»ff th« dim^natons c»f the eaith» jel it wili suf- 
lUHi \\s Mtn^rd aw^h an approximation to it aa diaU be of 
w^ \\\ \\\i^ jvr^^M^nt atagt^ of the reader^a knowledge, and 
M\\ \\m \\\ \\kmy\vi^ fcm^pliona» oniHriliiek aceonnt 
Wi^ hUhII ^x^m)xli(y it* ap^)<«n«m tn nnmbeta* Now, it 
Hh^'v^v^ \\\ t^ha^rvaU^ui, that twt;^ Miinlv, eaich in feet 
<^(h^\v s\\^ aurAM^ ^^^^em K> be xiaiW firam esich oib«r 
^v\vv *\\\\ w^M^^ ai^ in aw?^ ataaes^^hene ciicaa- 
»u^^H^«« ^t a 4ia^MM^ tMT abewit (^ miksu ml 10 leei ia 
«^v' (w\)SvK (VMt v4' a umI^ «i» that half ^ir diinantei. or 
^ ^^HU^«. ^t^^biiri^ ^^wt^asi 4 k 9aS!t«r 9119:1, 
nH^ ^^vmM^ iev^ Ilia aawifr iiNfuMtma a» 4 mllea is ^ 

l^<V).^ v*^ k \ 44M «K lM4i^ <Mw wa fONnl iwJlu^rri. itou 

>dk.w Wit 4»<vtwiMim(«£ a^ ^MimittHr «^iifi inec aiBese»aB 
4/ II II iiiiiii I jla m ii]ii')i i nii si iniT mil lui fiw n iiii ij i i lli M 
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of dimension. We have before likened the inequalities 
on the earth's surface, arising from mountains, valleys, 
buildings, Sic, to the roughnesses on the rind of an 
orange, compared with its general mass. The compa- 
rison is quite free from exaggeration. The highest moun- 
tain known does not exceed five miles in perpendicular 
elevation: this is only one 1600th part of the earth's 
diameter ; consequently, on a globe of sixteen inches in 
diameter, such a mountain would be represented by a 
protuberance of no more than one hundredth part of an 
inch, which is about the thickness of ordinary drawing- 
paper. Now as there is no entire continent, or even any 
very extensive tract of land, known, whose general ele- 
vation above the sea is any thing like half this quantity, 
it follows, that if we would construct a correct model of 
our earth, with its seas, continents, and mountains, on 
a globe sixteen inches in diameter, the whole of the land, 
with the exception of a few prominent points and ridges, 
must be comprised on it within the thickness of thin 
writing paper ; and the highest hills would be represented 
by the smallest visible grains of sand. 

(30.) The deepest mine existing does not penetrate 
half a mile below the surface : a scratch, or pin-hole, 
duly representing it, on the surface of such a globe as 
our model, would be imperceptible without a magnifier. 

(31.) The greatest depth of sea, probably, does not 
much exceed the greatest elevation of the continents; 
and would, of course, be represented by an excavation, 
in about the same proportion, into the substance of the 
globe: so that the ocean comes to be conceived as a 
mere film of liquid, such as, on our model, would be leu 
by a brush dipped in colour and drawn over those parts 
intended to represent the sea : only in so conceiving it, 
we must bear in mind that the resemblance extends no 
farther than to proportion in point of quantity. The 
mechanical laws which would regulate the distribution 
and movements of such a film, and its adhesion to the 
surface, are altogether difilerent from those which govern 
the phenomena of the sea. ^ 

(32.) Lastly, the greatest extent of the earth's surfap^^ 
which has ever been seen at once by man, was that &-* 
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po«ed to the view of MM. Biot and Gay-Lussac, in their 
ceiebmted aenmautic expedition to the enonnons height 
of 99,000 feet, or rather leae than five miles. To^eati- 
mate the proportion of the area iriaible from thia elstidon 
io the wliole earlh*a mnhcefWe must have reeonn^ to 
the geometry of the aphere, which informa na that the 
convex aurfaoe of a apherical aegment ia to the whole aur- 
face of the aphere to which it l^longa aa the vened aiiie 
m Uiickneea of the aegment ia to the diameter' of the 
sphere ; and ftnrther, tint thia thickneaa, in the eaae wp 
are conaidering^ ia almoat exactly equal to the perpen- 
dicular elevation of the point of eight above the sarface. 
The proportioity therefore, of the visible area, in this 
case, to the whole earth's surface, is that of five miles to 
8000, or 1 to 1600. The portion visible from JBtna, the 
Peak of TeneriffOf or Mowna Roa, ia about one 4000th. 
(32).) When we ascend to any very conaiderable ele- 
vation above the aurface of the earth, either in a balloon, 
or on mountalna, we are madtf aware, by many uneasy 
sfmsutions, of an insufficient supply of air. The barome- 
Utr, an inRtruroent which informs us of the weight of air 
in(*.unil)flnt on a given horizontal surface, confirms this im- 
preflMion, and afibrds a direct measure of the rate of dimi- 
nution of the quantity of air which a given space includes 
Hs wfl recede from the surface. From its indications we 
Iflarn, that when we have ascended to the height of 1000 
(not, we have left below us about one thirtieth pf the 
whole mass of the atmosphere :— that at 10,600 feet of 
perpendicular elevation (which is rather less than that of 
the summit of iEtna"^) we have aseended through abou^ 
one third ; and at 18,000 feet (which ia nearly that of Co- 
topaxi) through one half the material, or, at least, ihe 
ponderable, body of air incumbent on the earth's surface 
From the progression of these numbers, as well as, oj^rt- 
ort, from the nature of the air itself, which is ^mtpresH' 
ble, i. e. capable of lieinff eofMbrOM«(lf ^n crowded into a 
smaller space in protMrrt&ft U9 thu irn'Mwht^ni pTKssure, it 
is easy to see tbaif iAmmf0t ^ fittU^u *HM hln^lmr wo should 

•Th*lun|lMAf >ISfM«Mit* fl)i« MA4imt»*tf^ fm jlfwttii flema 
hmoauttruiMl tM k mf t fmmM Hfm mH. tM^ M Mfi tm. dMltr vtiy 
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continually get above more and more of the air, and so re- 
lieve ourselves more and more from . the pressure with 
which it weighs upon us, yet the amount of this additional 
reliefy or the ponderable quantity of air surmounted, would 
be by no means in proportion to the additional height as- 
cended, but in a constantly decreasing ratio. An easy 
calculation, however, founded on our experimental know- 
ledge of the properties of air, and the mechanical laws 
which regulate its dilation and compression, is sufficient 
to show Uiat, at an altitude above the surface of the earth 
not exceeding the hundreth part of its diameter, the tenui- 
ty, or rarefaction, of the air must be so excessive, that not 
only animal life could not subsist, or combustion be main- 
tained in it, but that the most delicate means we possess of 
ascertaining the existence of any air at all would fail to 
afford the slightest perceptible indications of its presence. 

(34.) Laying out of consideration, therefore, at pre- 
sent, all nice questions as to the probable existence of a 
definite limit to the atmosphere, beyond which there is, 
absolutely and rigorously speaking, no air, it is clear, that, 
for all practical purposes, we may speak of those regions 
which are more distant above the earth's surface than the 
hundredth part of its diameter as void of air, and of course 
of clouds (which are nothing but visible vapours, diffused 
and floating in the air, sustained by it, and rendering 
it turbid as miid does water). It seems probable, from 
many indications, that the greatest height at which visible 
clouds ever exist does not exceed ten miles ; at which 
height the density of the air is about an eighth part of 
what it is at the level of the sea. 

(35.) We are thus led to regard the atmosphere of air, 
with the clouds it supports, as constituting a coating of 
equable or nearly equable thickness, enveloping our globe 
on all sides'; or rather as an aerial ocean, of whicii the 
surface of the sea and land constitutes the bed, and whose 
inferior portions or strata, within a few miles of the 
earth, contain by far the greater part of the whole mass, 
the density diminishing with extreme rapidity as we re- 
cede upwards, till, within a very moderate distance (such 
as would be represented by the sixth of an inch on the mo- 
del we have before (ipoken of, and which is not more in pro- 
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portion to the globe on whicli it rests, than the downy 
skin of a pench in comparison with the fruit wilJiin it)* 
aU sensible trace of the esistcnce of air disappears. 

(36.) Argumeats, however, aie not wanting tomidGi 
it, if not absolutely certain, at least in tht! highest degree 
probable, that the surface of the aerial, like that of llie 
aqueous ocean, has a real and definite limit, as above liiol- 
ed at ! beyond which there is positively no air, and above 
which a, fresh quantity of >iir, could il be added from with' 
out, or carried aloft from below, instead of dilating itself 
indefinitely upwards, would, aflait a certain very enor- 
mous but still finite enlargement of volume, sink and 
merge, as watei poured into ilie sea, and diEtribute itself 
among the mass beneath. With tlie truth of this conclu- 
sion, however, astronomy has little concern ; all the ef- 
fects of the atmosphere in modifying astronomical phe- 
a being the same, whether it be supposed of defi- 



(37.) Moreover, whichever idea we adopt, it is equally 
certain that, within those limits in which it possesses any 
appreciable density, its constitulion is the same over all 
points on tlie earth's surface ; ^at is to say, on the great 
aeale, and leaving out of consideration temporary and local 
causes of derangement, such as winds, and great fluc- 
tuations, of the nature of waves, which prevail In it to an 
immense extent : in other words, that the law of diminu- 
tion of the air's density as we recede upwards from the 
leuel of the sea is the same in every column into which 
we may conceive it divided, or from whatever point of 
the surfare we may set out. It may therefore be coosi- 
dered as consisting of successively superposed strata or 
layers, each of the form of a spherical shell, concentric 
with the general surface of the sea and land, and each of 
which IS rarer, or specifically lighter, than that immedi- 
ately beneath it ; and denser, or specifically heavier, than 
that immediately above it. This kind of distribution of 
its ponderable mass is necessitated by the laws of the 
equilibrium of fluids, whose results barometric observa- 
tions demonstrate to be in perfect accordance with expe- 

II must be observed, howeyer, diaj^iU).!hia,(m)rvlt^- 
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lioli t>f its strata the inequalities of mountains and vallejf 
h&ye no concern ; these exercise no more influence in 
Bkodifying their general spherical figure than the inequali- 
ties at the bc^tom of the sea interfere with the general 
sphericity of its surface. 

i^B.y It is the power which air possesses, in common 
with all Ixaiispaient media, of rtfr acting the rays of light, 
or bending Ihiem out of their straight course, which renders 
a knowledge of the constitution of the atmosphere import- 
ant to the astronomer. Owing to this property, objects 
seen obliquely through it appear otherwise situated tham 
they would to the samft fpectator, had the atmosphere no 
existence ; it thus produces a false impression respecting 
their places, which must be rectified by ascertaining the 
amount and direction of &e displacement so apparently 
{NToduced on each, before we can come at a knowledge 
oi the true directians in which they are situated firom us 
at any assigned moment. 

(39.) Suppose a spectator placed at A, any point of the 
earth's surface ELAA:* and let L/, Mm, Nn, represent 




the successive strata or layers, of decreasing density, into 
which we may conceive the atmosphere to be divided, 
and which are spherical surfaces concentric with KAr, the 
earth's surface. Let S represent a star, or other heavenly 
body, beyond the utmost limit of the atmosphere ; then 
if the air were away, the spectator would see it in the di 
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erection of the atraight line AS. But, in- nality, when 
the ray of lightBA reaches the atmospheWymppoBe at <l, 
it will, by the laws of optics, begin to bend^ doimtaardtj 
and take a more inclined direction,.as d c. This bending 
will at first be imperceptible, owing to the extreme tenu- 
ity of the uppermost straiaj Irai asit advances downwards, 
the strata continually increasing in density, it will continu- 
ally undergo greater and greater rtfracHan in the same di- 
rection; and thus, instead of pursuing the straight line 
SJA, it will describe a; cuxVe S Jc^o, continually more 
and more concave downwards, and wOl reach the earth, 
not at A, but at a certain pointoy aetrer to 8. 71ii8 ray, 
consequently, will not reach the spectator's eye. The ray 
by which he will see the star is, therefore, not SdA, but 
another ray which, had there been ntf atmosphere would 
have struck the earth at K, a point behind the spectator ; 
but which, being bent by the air into the curve SDOB A, 
actually strikes on A. Now, it is a law of optics, that an 
object is seen in the direction which the visual ray has at 
the instant of arriving at the eye, without regard to what 
may have been otherwise its course between the object and 
the eye. Hence the star S will be seen, not in the di- 
rection A S, but in that of A«, a tangent to the curve 
SDCBA, at A. But because the curve described by the 
refracted ray is concave downwards, the tangent As, will 
lie above AS, the unrefracted ray : consequently the object 
S will appear more elevated above the horizon AH, when 
seen through the refracting atmosphere, than it would ap- 
pear were &ere bo such atmosphere. Since, however, the 
disposition of the strata is the same in all directions around 
A, the visual ray will not be made to deviate laterally, but 
will remain constantly in the same vertical plane SAC, 
passing through the eye, the object, and the earth's centre. 
(40.) The effect of the air's refraction, then, is to raise 
all the heavenly bodies higher above the horizon in ap- 
pearance than they are in reality. Any such body, situ- 
ated actually in the true horizon, will appear above it, oi 
will have some certain apparent altitude (as it is called). 
Nay, even some of those actually below the horizon, and 
which would therefore be invisible but for the effect of 
refraction, are, by that effert, raised above it and brought 
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into sight. Thus, the sun, when situated at P helow the 
true horizon,. AH, of the spectator, becomes visible to him* 
as if it stood at /), by the refracted ray Fqrtk, to which 
Ap is a tangent. 

(41.) The exact estimation of the amount of atmo- 
spheric refraction, or the strict determination of the angle 
SAa, by which a celestial object at any assigned altitude, 
HAS, is raised in appearance above its true place, is, un- 
fortunately, a very difficult subject of physical inquiry, 
and one on which geometers (from whom alone we can 
look for any information on the subject) are not yet en- 
tirely agreed. The difficulty arises from this, that the 
density of any stratum of air (on which its refracting 
power depends) is affected not merely by the superincum- 
bent pressure, but also by its temperature or degree of 
heat. Now, although we know that as we recede from the 
earth's surface the temperature of the air is constantly 
diminishing, yet the law^ or amount of this diminution 
at different heights, is not yet fully ascertained. More- 
over, the refracting power of air is perceptibly affected by 
its moisture ; and this, too, is not the same in every part of 
an aerial column ; neither are we acquainted with the laws 
of its distribution. The consequence of our ignorance on 
these points is to introduce a corresponding degree of 
uncertainty into the determination of the amount of refrac- 
tion which affects, to a certain appreciable extent, our 
knowledge of several of the mosi important data of as- 
tronomy. The uncertainty thus induced is, however, 
confined within such very narrow limits as to be no cause 
of embarassment, except in the most delicate inquiries, 
and to call for no farther allusion in a treatise like the 
present. 

(43.) A "Table of Refractions," as it is called, or a 
statement of the amount of apparent displacement aris- 
ing from this cause, at all altitudes, or in every situation 
of a heavenly body, from the horizon to the zenith,^ or 
point of the sky vertically above the spectator, and, under 
all the circumstances in which astronomical observations 
are usually performed which may influence the result, is 

* From an Arabic word of this signiiicAtion. 
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onB of til D8t important and intiiapenaaiile of all astro 
Doinicsi ■« since it is only by the use of such a table 
we are i led to get rid of an illusion irhich must 
otbiTwisi rvert all our notions reBpecling the celestial 
niolionH, (^ ch have been, accordingly, constructed with 
great care, and are to be found in every collection of 
astronomical tables.* Our design, in the present treatise, 
will not admit of the introduction of tables; and we 
ntuBt, therefore, content ourselves here, and in similar 
cases, witli referring the reader lo works especially des- 
tined to furnish these useful aids to calculation. It is, 
however, desirable that he should bear in mind the 
following general notions of its amount, and law of 



(43.) Ist. In the zenith there is no refraction ; a ce- 
lestisl object, situated vertically over head, is seen in Ita 
true direction, &■ if there were no atmosphere. 

2dly, In descending from the zenilh to the horizon, 
the refraction continually increases; objects near the 
horizon appearing more elevated by it above their true 
directions than those at a high altitude. 

3dly. The rale of its increase is nearly in proportion 
to the tangent of the apparent angular distance of the 
object from the zenith. But this rule, which is not far 
from the truth, at moderate zenith distances, ceases to 
give correct results in the vicinity of the horizon, where 
t!te law becomes much more complicated in its ex- 
pression. 

4thly. The average amount of refraction, for an ob- 
ject half-way between the zenith and horizon, or at an 
apparent altitude of 45°, is about 1' (more exactly 57"), 
a quantity hardly sensible to the naked eye ; but at the 
visible horizon it amounts to no less a quantity than 33', 
which is rather more than the greatest apparent diameter 
of either the sun or the moon. Hence it follows, that 
■when we see the lower edge of the sun or moon just op- 
parenlly resting on the horizon, its whole disk is in 
reality below it, and would be entirely out of sight and 

*Vidfl "Reqanitsl^UeiiabaiiMd mdi die Naudcd Almmno.' 
See alaa Nauti(»l Alinaiwc for 1833, Dr. Pbumd'i ArtraDmnical Tibia 
■nd Mr. Baily't A*ln»dBiicaI "UAAtt and Fonnaln. 
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concealed by tie convexity of the earth but far the bend- 
ing round it,*^hich the rays of light have undergone in 
neir passage through the air, as alluded to in art. 40. 

(44.) It follows from this, that one obvious effect of 
refraction must be to shorten the duration of night and 
darkness, by actually prolonging the stay of the sun and 
moon above the horizon. But even after they are set, 
the influence of the atmosphere still continues to send 
us a portion of their light ; not, indeed, by direct trans 
mission, but by reflection upon the vapours, and minute 
solid particles, which float in it, and, perhaps, also on 
the actual material atoms of the air itself. To understand 
how this takes place, we must recollect, that it is not 
only by the direct light of a luminous object that we 
see, but that whatever portion of its light which would 
not otherwise reach our eyes, is intercepted in its course, 
and thrown back, or laterally, upon us, becomes to us a 
means of illumination. Such reflective obstacles always 
exist floating in the air. The whole course of a sun- 
beam penetrating through the chink of a window-shutter 
into a dark room, is visible as a bright line in the air; 
and even if it be stifled, or let out through an opposite 
crevice, the light scattered through the apartment from 
this source is suflicient to prevent entire darkness in the 
room. The luminous lines occasionally seen in the air, 
in a sky full of partially broken clouds, which the vulgar 
term " the sun drawing water," are similarly caused. 
They are sunbeams, through apertures in clouds, par- 
tially intercepted and reflected on the dust and vapours 
of the air below. Thus it is with those solar rays which, 
after tlie sun is itself concealed by the convexity of the 
earth, continue to traverse the higher regions of the at- 
mosphere above our heads, and pass through and out of 
itj without directly striking on thd earth at all. Some 
portion of them is intercepted, and reflected by the float- 
ing particles above mentioned, and thrown back, or la 
terally, so as to reach us, and afford us that secondary 
illumination, which is twilight. The course of such rays 
will be immediately understood from the annexed figure, 
in which A6CD is the earth ; A a point on its surface, 
wher» the sun S is in the act of setting ; its last lower 
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ray SAM grazing tlie surface at A, white its superitir 
rays SPJ, traverse the ainiosphere above A without 

striking L irth, leaving it finally at tiie points PQR, 
after being mure or less bent in passing through it, tlio 




lower most, the higher less, and thai which, like FIRO, 
merely grazes the exterior limit of ttie atmosphere, not 
at all. Let us consider several points, A, B, C, D, each 
more remote than ihe last from A, and each more. deeply 
involved in the earth's shadow, which occupies the lyholo 
space from A beneath (he liae AM. Now, A justreceiveB 
the Bun'a last direct ray, and, besides, is illuminated , by 
the whole reflective atmosphere PQRT. h therefore 
receives twilight from the whole sky. The point B, to 
whicli the sun has set, receives no direct, solar light, nor 
any, direct or reflected, from all that -part of its visible 
atmosphere which ia below APM ; but from the. lenti- 
cular portion PRx, which is traversed by the sun's rays, 
and which lies above Uie visible horizon BR of B, it re* 
ceives a twilight, which ia strongest at R, the point im- 
mediately below which the sun is, and fades away gradu-, 
ally towards P, aa tlie luminous part of the atmosphere 
thins ofl". At C, only .the last or thinnest portion, PQz 
of the lenticular segment, thus illuminated, lies above 
the horiion, CQ, of that place : here, tlien, the twilight 
is feeble, and confined to a small >pace in nnd neat the 
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norizony which the sun has quitted, while at D the twi- 
light has ceased altogether. 

(45.) When the sun is above the horizon, it illumi- 
nates the atmosphere and clouds, and these again dis- 
perse and scatter a portion of its light in all directions, 
so as to send some of its rays to every exposed point, 
ff^m every point of the sky. The generally diffused 
%^t, therefore, which we enjoy in the daytime, is a phe 
nomenon originating in the very same causes as the twi- 
light. Were it not for the reflective and scattering power 
of the atmosphere, no objects would be visible to us out 
of direct sunshine ; every shadow of a passing cloud 
would be pitchy darkness ; the stars would be visible all 
day, and every apartment, into which the sun had not di- 
rect admission, would be involved in nocturnal obscurity. 
This scattering action of the atmosphere on the solar 
light, it should be observed, is greatly increased by the 
irregularity of temperature caused by the same luminary 
in its different parts, which, during the daytime, throws 
it into a constant state of undulation, and, by thus bring- 
ing together masses of air of very unequal temperatures, 
produces partial reflections and refractions at dieir com- 
mon boundaries, by which much light is turned aside 
from the direct course, and diverted to the purposes of 
general illumination. 

(46.) From the explanation we have given, in arts. 
89 and 40, of the nature of atmospheric refraction, 
and the mode in which it is produced in the progress 
of a ray of light through successive strata, or layers of 
the atmosphere, it will be evident, that whenever a ray 
passes obliquely from a higher level to a lower one, or 
vice versoj its course is not rectilinear, but concave 
downwards ; and of course any object seen by means of 
• such a ray, must appear deviated from its true place, 
whether that object be, like the celestial bodies, entirely 
beyond the atmosphere, or, like the summits of moun- 
tains, seen from the plains, or other terrestrial stations, 
at different levels, seen from each other, immersed in it. 
Every difference of level, accompanied, as it must be, 
with a difference of density in the aerial strata, must also 
have, corresponding to it, a certain amount of refraction ; 
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leti, ind ifaan what would be produced by the whole 
aUnosph bnt alill oden nf very appreciable, and even 
eonaiiler , amount. This refraction between terres' 
trial statii,^. a termed lerrestrial refraction, to dietin- 
puiBh it from that total effect wbicb ia only produced on 
celestial objecta, or Buch as ate beyond the atmosphere, 
and which ia called celestial or astronomical refraction. 
(47.) Another effect of refraction is ia distort ilie vist- 
ble forms and proportions of objects seen near the hori- 
zon. The Bun, for instance, which, at a considerable 
nltitade, always appears round, assumes, as it approaches 
the horizon, a flattened or oval outline ; its horizontal 
diameter being visibly greater than that in a vertical di- 
rection. When very near the horizon, this flattening is 
evidently more eonaiderable on the lower side than on 
the upper ; so that the apparent form is neither circular 
nor elliptic, but a species of oval, which deviates more 
from a circle below than above. This siagular effect, 
which any one may notice in a fine sunset, arises from the 
rapid rate at which the refraction increases in approach- 
ing the horizon. Were every visible point in the sun's 
circumference equally raised by refraction, it would slill 
appear circular, though displaced: but tlie lower portions 
being more raised than the upper, the vertical diameter is 
thereby shortened, while the two extremitiea of its hori- 
zontal diameter are equally raised, and in parallel direc- 
tion!, BO that its apparent lencih remains the same. The 
dilated size (generally) of the sun or moon, when seen 
near ^s horuon, beyond what they appear to have 
when high up in the Ay, has nothing to do with refrae- 
(ion. It is dn illusion of the judgment arising from the 
terreatrial objeeta interposed, or placed in close ei^mpari- 
*on with them. In that situation we view and judge of 
Ihem as we do of terrestrial object»^ia detail, and with 
an acquired habit of attention to parts. Alofi ve b»B 
no Bssooiatians to guide us, and uieir insulation in the 
expanae of sky loads us rather to undemlue than to 
overrate their apparent magnitudes. Actual meacur^ 
ment with a proper instrument eorrscU our error, with- 
out, bowevmr, dispclUng our iUusioo. By tbii w« leMUt 
that the suo, when jual on the horixoai auhtends at ovr 
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eyes almost exactly the same, and the moon a materially 
less angle, than when seen at a great altitide in the sky, 
owing to the effect of what is called parallax, to be ex- 
plained presently. 

(48.) After what has been said of the small extent of 
the- atmosphere in comparison of the mass of the earth, 
we shall have little hesitation in admitting those lumina- 
ries which people and adorn the sky, and which, while 
they obviously form no part of the earth, and receive no 
support from it, are yet not borne along at random like 
clouds upon the air, nor drifted by the winds, to be ex- 
ternal to our atmosphere. As such we have considered 
them while speaking of their refractions — as existing in 
the immensity of space beyond, and situated, perhaps, 
for any thing we can perceive to the contrary, at enor- 
mous distances from us and from each other. 

(49.) Could a spectator exist unsustained by the earth, 
or any solid support, he would see around him at one 
view the whole contents of space — the visible consti- 
tuents of the universe : and, in the absence of any means 
of judging of their distances from him, would refer them, 
in the directions in which they were seen from his sta- 
tion, to the concave surface of an imaginary sphere, 
having his eye for a centre, and its surface at some vas'. 
indeterminate distance. Perhaps he might judge those 
which appear to him large and bright, to be nearer to 
him than the smaller and less brilliant ; but, independent 
of other means of judging he would have no warrant for 
this opinion, any more than for the idea that all were 
equidistant from him, and really arranged on such a 
spherical - surface. Nevertheless, there would be no 
impropriety in his referring their places, geometrically 
speaking, to those points of such a purely imaginary 
sphere, which their respective visual rays intersect ; and 
there would be much advantage in so doing, as by that 
oceans their appearance and relative situation could be 
accurately measured, recorded, and mapped down. The 
objects in a landscape are at every variety of distance 
from the eye, yet we lay them all down in a picture on 
one plane, and at one distance, in their actual cqpparerU 
proportions, and the likeness is not taxed with incorrect- 
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ness, thougli a 
sented larger 1 
to B spectator of the heavenly bodies pictured, projected, 
or mapped down aa tliaC imaginary sphere we call the 
ihy or heaven. Thus, we may easily conceive that the 
moon, which appears to us as large as the sun, though 
less bright, may owe that apparent equality to its greater 
proximity, Mid may be reaUy much less ; while both the 
moon and sun may only appear larger and brighter than 
the starE, on account of the remoteness of the latter. 

(50.) A spectator on the earth's surface is prevented, 
by the great mass on which he stanila, from seeing into 
all that portion of space which is below him, or to see 
which he must look in any degree downwards. It Is 
true that, if his place of observation be at a great eleva- 
tion, the dip of the horizon wilT bring within the scope 
of vision a little more than a hemisphere, and refraction, 
wherever he may be situated, will enable him to look, 
as it were, a little round the comer ; but the zone thus 
added to his visual range can hardly ever, unless in very 
extraordinary circumstances,* exceed a couple of degrees 
in breadth, and is always ill seen on account of the va- 
pours near the horizon. Unless, then, by a change of 
his geographical situation, he should shill his horizon 
(which is always a plane touching the spherical con- 
vexity of the eatlb at his station); or unless, by some 
movements proper to the heavenly bodies, they should 
of themselves come above his horizon ; or, lastly, un- 
less, by some rotation of the earth itself on its centre, 
the point of its surface which he occupies should be 
carried round, and presented towards a different region 
of space i he would never obtain a sight of almost one 

•Bnch u the folJowirJK. for instance: Tim Me Mr. Sadler, ihe cele- 
tireieiJ aemiiDUl, nacended in b l»iloon Trom Dublin al aiwut 2 o'docli in 
Ihe Bltemoon. snil was wafted across fhe channel. Aboul suneet he ap- 
proached the English coast, when ihe balLoon descended near Ihe siirfiue 
of the sea. By[)iis time Ihe suii woasecand ihe shades nf evening hegon 
to closo in, lie threw out nearly all hie ballast, and suddenly sprung 
npwarda to a great height, and by so doing witnened the tvhole pheno- 
nwnan of a w«siem sunrise. He suheequently descended in Wales, and 
witaeffied a second sunset an the same evening. I have tins anecdote 
ftom Dr. Lardner. who was present at his nscent, and rend his own ao- 
oount oTlht voyge.— Author. 
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half the objects external to our atmosphere. But if any 
of- these cases he supposed, more, or all, niay come into 
view according to the circumstances. 

(51.) A traveller, for example, shifting his locality on 
our globe, will obtain a view of celestial objects invisible 
from his original station, in a way which may be not in- 
aptly illustrated by comparing him to a person standing 
in a park close to a large tree. The massive obstacle 
presented by its trunk cuts off his view of all those parts 
of the landscape which it occupies as an object; but by 
walking round it a complete successive view of the 
whole panorama may be obtained. Just in the same 
way, if we set off from any station, as London, and 
travel southwards, we shall not fail to notice that many 
celestial objects which are never seen from London 
come successively into view, as if rising up above the 
horizon, night after night, from the south, although it is 
in reality our horizon, which, travelling with us south- 
wards round the sphere, sinks in succession beneath 
them. The novelty and splendour of fresh constella- 
tions thus gradually brought into view in the clear calm 
nights of tropical climates, in long voyages to the south, 
is dwelt upon by all who have enjoyed this spectacle. 
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Afi\i never fails to impress itself on the recollection 
among the most delightful and interesting of the asso 
eiatioBS connected with extensive travel. A glance at 
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ihe aecom lying figure, exhibiting three Bui^cessive 
stations of traveller, A, B, C, with the horizon cop- 
rcspotiding ' » each, will place this procesa in clearer 
evidence tli: any description. 

(52.) 1 1 : suppose the earth itself to have a mo- 
tion of re . in on ila centre. It is evident that a spec- 
tator at rest i, la it appears to him) on any part of it will, 
tin perceived oy himself, be carried round with it : oa- 
percrivcd, we say, beeaase his horizon wiU constantiy 
contain, and be limited fay, ihe same terrestrial objects. 
He will have the same landscape constantly before his 
eyes, in which all the familiar objects in it, which eeire 
him for landmarks and directions, retain, with respeet 
to himself or to each other, the same invariable aitna- 
lions. The perfect smoothness and equality of the 
motion of bo vast a mass, in which every olijeet he sees 
around him" participates alike, will [art. 75) prevent his 
entertaining any suspicion of his aclnal change of place. 
Yet, with respect to external objects, — that ia to say, 
all rdeatial ones which lio not participate in the sup- 
posed rotation of the earth, — his horizon will have beeo 
all the while shifting in its relation to them, precisely ai 
in the ca?e of our traveller in the foregoing article. He- 
curriii^r to the figure of that article, it is evidenlly the 
same thing, so far as Iheir visibility is concerned, 
whether he has been carried by the earth's rotation suc- 
cessively into the situations A, B, C ; or whether, the 
earth remaining at rest, he has transferred himself per- 
sonally along its surface to those stations. Our spectator 
in the park will obtain precisely the same view of the 
landscape, whether he walk round the tree, or whether 
we suppose it sawed off, and made to turn on an upright 
pivot, while he stands on a projecUng step attached to it, 
and allows himself to be carried round by its motion. 
The only difference will be in his view of the tree it- 
self, of which, in the former case, he will see every part, 
but, in the latter, only that portion of it which remain* 
constantly opposite to him, and immediately under bis 
eye. 

(63.) By such a rotatiMt of the earth, then, u m 
have supposed, 'he horiion of a atatiooary spectator will 
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be constantly depressing itself below those objects which 
lie in that region of space towards which the rotation is 
carrying him, and elevating itself above those in the op- 
posite quarter ; admitting into view the former, and suc- 
cessively hiding the latter. As the horizon of every such 
spectator, however, appears to him motionless, all such 
flanges will be referred by him to a motion in the objects 
themselves so successively disclosed and concealed. In 
place of his horizon approaching the stars, therefore, he 
will judge the stars to approach his torizon ; and when it 
passes over and hides any of them, he will consider 
them as having sunk below it, or set ; while those it has 
just disclosed, and from which it is receding, will seem 
to be rising above it. 

(54.) If we suppose this rotation of the earth to con- 
tinue in one and the same direction, — ^that is to say, to be 
performed round one and the same aocis, till it has com- 
pleted an entire revolution, and come back to the position 
from which it set out when the spectator began his obser- 
vations,-^t is manifest that every thing will then be in 
precisely the same relative position as at the outset : all 
the heavenly bodies will appear to occupy the same 
places in the concave of the sky which they did at that 
instant, except such as may have actually moved in the 
interim ; and if the rotation still continue, the same phe- 
nomena of their successive rising and setting, and return 
to the same places, will continue to be repeated in the 
same prder, and (if the velocity of rotation be uniform) 
in equal intervals of time, ad infinitum. 

(55.) Now, in this we have a lively picture of that 
grand phenomenon, the most important beyond all com- 
parison which nature presents, the daily rising and setting 
of the sun and stars, their progress through the vault of 
the heavens, and their return to the same apparent places 
at the same hours of the day and night. The accom- 
plishment of this restoration in the regular interval of 
twenty-four hours, is the first instance we encounter of 
that great law of periodicity ,* which, as we shall see, 
pervades all astronomy ; by which expression we under- 

• ilie«e{e(, a going round, a circulation or revoluticm 



44 

Mtaiid the Cbi nnal TeproducUon of the same phenomena, 
in tliG same i der, at equal inlerrals of time. 

(56.) A (it lolalion of the earth rouDtl its centre, if it 
nxidt and be ^jfonocd in consonance with the same me- 
chunicaj Liwi which obtiiin in the motions of masses of 
maUei under our iramediale control, and within our ordi- 

'with 

retpeet to the gpktre itatlf, and uniform in its velocity.) 
The rotation must be' performed round an axis or diame- 
ler of <',e sphere, whose poles, or extremities, where it 
meets t)ic surface, correspond always to the same points 
on Hie sphere. Modes of rotation of a solid body under 
the influence of external agency are conceivable, in which 
the poles of the imaginary line or axis about which it is 
at niiy moment revolving shall hold no fixed places on the 
surlace, but shift upon it every moment. Such changes, 
however, are inconsistent with the idea of a rotation of 
a body of regular figure about its axis of symmetry, per- 
formed in free sp&ce, and without resistance or obstruc- 
tion from ; .- ,. ™ ... 
sence of a 

the strict I'ulfilment < 
tioncd. 

(67.) Now, these conditions axe in perfect accordance 
with what we observe, and what recorded observatian 
teaches us in respect of the diurnal moUous of the hea- 
venly bodies. We have no reason to believe, from his- 
tory, that any sensible change has taken place since the 
earliest ages in the interval of time elapsing between two 
successive returns of the sune star to the same point of 
the sky ; or, rather, it is demORBtrable from astronomical 
records that no nich chan^ hat token place. And with 
respect to the other condition, — the permantnet of the 
axis of rotatiotir-^e KpoeaiKoem which any alteration 
m that respect mutproooMt would bo markitd, u we 
shall presently ahow. b)' » ettrreifptinMnK ihimga of a 
very obvioiM kind in ih« intmrmi itmtimut »if llin iitnrii 
which, again, MiMry dmiiimty rlwIwrM titum fwl Ut ban 
undicrg'Kts. 

.'5**./ Hut, tmfutH wi \fffmtt4 tn Humm mtf» In At- 
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tail how the hypothesis of the rotation of the earth ^boui 
an axis accords with the phenomena which the diurnal 
motion of the heavenly bodies offers to our notice, it will 
be proper to describe, with precision, in what that diur- 
nal motion consists, and how far it is participated in 
by them all ; or whether any of them form exceptions, 
wholly or partially, to the common analogy of the rest. 
We will, therefore, suppose the reader to station himself 
on a clear eyening, just after sunset, when the first stars 
begin to appear, in some open situation whence argood 
general view of the heavens can be obtained. He will 
then perceive, above and around him, as it were, a vast 
concave hemispherical vault, beset with stars of various 
magnitudes, of which the brightest only will first catch 
his attention in the twilight ; and more and more will 
appear as the darkness increases, till the whole sky is 
X)yerspangled with them. When he has awhile admired 
the calm magnificence of this glorious spectacle, iae 
theme of so much song, and of so much thought, — a 
spectacle which no one can view without emotion, and 
without a longing desire to know something of its na- 
ture and purport, — let him fix his attention more particu- 
larly on a few of the most brilliant stars, such as he can- 
not fail to recognise again without mistake after looking 
aws^ from them for some time, and let him refer their ap- 
parent situations to some surrounding objects, as build- 
ings, trees, &c., selecting purposely such as are in dif- 
ferent quarters of his horizon.. On oompaiing them again 
with their respective points of reference, after a moderate 
interval, as the night advances, he will not fail to per- 
ceive that they have changed their places, and advanced, 
as by -a general movement, in a westward direction ; 
those towards the eastern quarter appearing to rise or re- 
cede from liie horizon, .while those which lie towards the 
west will be seen to approach it ; and, iX .watched long 
enough, will, for the most part, finsdlv sink beneath it, 
and disappear ; while others, in the eastern quarter, will 
be seen fo rise as if put of the earth, and, joining in the 
general procession, will take •their course with the rest 
towards the opposite quarter. 

(59^) If he persists for a considerable time in watch- 
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ing iheir n>"* ons, on the same or on eevera! e' 
nights, he perceive that each star appeurs lo describe, 
aa far as i urse lies above the hoiizon, a circle in the 
sky ; that circles so described are not of the same 
magnitude lor all the stars ; and that those described by 
» different atars differ greatjy in respect of the parts of 
them which lie above the horizon, some, which lie to- 
wards the quarter of the horizon which is denominated 
the South,* only remain for a short time above it, and dis- 
appear, after describing in sight only the small tipper seg- 
ment of their diurnal circle ; others, which rise between 
the south and east, describe larger segments of their cir- 
cles above the horizon, remain proportionally longer in 
aight, and set precisely as far to the westward of south 
as lliey rose lo the eastward ; while such as rise exactly 
in the east remain just twelve hours visible, describe a 
semicircle, and set eKactly in the west. With those, 
again, which rise between the east and north, the same 
law obtains ; at least, as far as regards the time of their 
remaining above iho horizon, and the proportion of the 
visible segment of their diurnal circles to iheir whole cir- 
cumferences. Both go on increasing ; they remain in 
view more than twelve hours, and Iheir visible diurnal 
arcs are more than semicircles. But the magnitudes of 
the circles themselves diminish, as we go from the east, 
northward ; the greatest of all the circles being described 
by those which rise exactly in the east point. Carrying 
his eye farther northwards, he will notice, at length, stars 
which, in their diurnal motion, just graze the horizon at 
its north point, or only dip betorw it for a moment ; while 
others never reach it all, but continue always above it, 
revolving in entire circles round onh point, called the 
POLE, which appears to be the common centre of all 
their motions, and which alone, in- the whole heavens, 
may be considired imfnovable. Not that this point a 
marked by any star. It is a purely imaginary centre; 
but there is near it one considerably bright star, called 
the Pole Star, which is easily recognised by the very 
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small circle it describes : so small, indeed, Uiat, without 
paying particular attention, and referring its position very 
nicely to some fixed mark, it may easify be supposed at 
rest, and be, itself, mistaken for the common centre abovt 
which all the others in that region describe their circles ; 
or it may be known by its configuration with a very 
splendid and remarkable eansteUaiion or group of stars, 
odled by astronomers the Great Bear. 

(60.) He will further observe that the apparent rela 
tive situations of all the stars among one another is not 
changed by their diurnal motion. In whatever parts of 
their circles they are observed, or at whatever hour of the 
night, they form with each other the same identical groups 
or configurations, to which the name of coxstellatioxs 
has been given. It is true, that, in different parts of their 
course, these groups stand differently with respect to the 
horizon ; and those towards the north, when in the course 
of their diurnal movement they pass alternately above and 
below that common centre of motion described in the last 
article, become actually inverted with respect to the hori- 
zon, while, on the other hand, they always turn the same 
points towards the pole. In short, he will perceive that 
the whole assemblage of stars Wsible at once, or in suc- 
cession, in the heavens, may be regarded as one great 
constellation, which seems to revolve with a uniform mo- 
tion, as if it formed one coherent mass ; or as if it were at- 
tached to the internal surface of a vast hollow sphere, 
having the earth, or rather the spectator in the centre, and 
turning round an axis inclined to his horizon, so as to pass 
through that fixed point or pole already mentioned. 

(61.) Lastly, he will notice, if he have patience lo 
outwatch a long winter's night, commencing at the earli- 
est moment when the stars appear, and continuing till 
morning twilight, that those stars which he observed set- 
ting in the west have again risen in the east, while those 
which were rising when he first began to notice them 
have completed their course, and are now set ; and that 
thus the hemisphere, or a great part of it, which was then 
above, is now beneath him, and its place supplied by that 
which was at first under his feet, which he will thus disco- 
ver to be no less copiously furnished with stars than the 

F 
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Other, and bespangled with groups no less permanent and 
distinctly igcognisable. Thus he will learn that the great 
amolellado^ we have above spoken of as revolving round 
t§e pole is co-eKlenaive witn the whole surface of the 
sphere, being in reality nothing' lees than a universe of 
, luminaries surrounding the earth on all sides, and brought 
in succession before his view, and referred (each lumina- 
ry according to its own visual ray or direction from his 
ey^ to the imaginary spherical surface, of which he him- 
self occupies the centre. (See art. 49.) 

(63.) There is, however, one portion or segment of 
lliis sphere of which he will not thus obtain a view. As 
there is a segment towards the north, adjacent to the pole 
above his horizon, in -which the stars never set, so there 
is a corresponding segment, about wTiibh tlie smaller cir- 
cles of the more southern stars are described, in which 
they riever rise. The stars which border upon the extreme 
ciicumferencflof this segment just graze the southern point 
of his horizon, and show themselves for a few moments 
above it, precisely as tlioae near the circumference of the 
northern segment graze hisnortheru horizon, and dip for a 
moment below it, to reappear immediately. Every point 
in a spherical surface has, of course, another diametrically 
opposite to it; and as the spectator's horizon divides his 
sphere into two hemispheres — a superior and inferior — 
theremustofuecessity exist a depressed pole to the south, 
corresponding to the elevated one to tlie north, and a por 
tion surrounding it, perpetually beneatli, as tliere is an 
other surrounding the north pole, perpetually above it. 

^Hid verfeE nohifl Bemper flablioLia ; nt ilium 

Sub pedibua aox aLxa videt, manesqnv profuodi,^ — Vihqii. 
Oiia polB lidea high, one, plunged baneaili the jnojn, 
Seeks ihe deep nigtl, and Plulo'a dusky reign. 

(63.) To get sight of this segment, he must travel SOU th- 
wards. In so doing, a new set of phenomena come for- 
ward. In proportion as he advances to the south, some 
of those constellations which, at his original station, barely 
grazed llie nortliern horizon, will be observed to sink be- 
low it and set i at first remaining hid only for a very short 
lime,butgrfldilally for alouger part of the twenty-four hours. 
They will continue, however, to circulatQ about ihesamn 
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point — ^that is, holding the same invariable position with 
respect to them in the concave of the heave&iS among the 
stars ; but this point itself will become gradually depraJJ 
ed with respect to the spectator's horizon. The axil, Sh 
short, about which the diurnal motion is performed, will 
appear to have become continually less and less inclined 
to the horizon ; and by the same degrees as the northern 
pole is depressed the southern will rise, and constellations ■ 
surrounding it will come into view ; at first momentarily, 
but by degrees for longer and longer times in each diur- 
nal revolution — realizing, in short, what we have already 
stated in art. 51. 

(64.) If he travel continually southwards, he will at 
length reach a line on the earth's surface, called the equa- 
tor ^ at any point of which, indifferently, if he take up his 
station and recommence his observations, he will find that 
he has both the centres of diurnal motion in his horizon, 
occupying opposite points, the northern pole having been 
depressed, and the southern raised ; so that, in this geo- 
graphical position, the diurnal rotation of the heavens 
will appear to him to be performed about a horizontal 
axis, every star describing half its diurnal circle above and 
half beneath his horizon, remaining alternately visible for 
twelve hours, and concealed during the same interval. 
In this situation, no part of the heavens is concealed from 
his aticeedsive view. In a night of twelve hours (suppo- 
sing such a continuance of darkness possible at the equa* 
tor) the whole sphere will have passed in review over 
him — the whole hemisphere with which he began his 
night's observation will have been carried down beneath 
him, and the entire opposite one brought up from below. 

(65.) If he pass ^e equator, and travel still farther 
southwards, the southern pole of the heavens will become 
elevated above his horizon, and the northern will sink 
below it ; and the more, the farther he advances south- 
wards ; and when arrived at a station as far to the south 
of the equator as that from which he started was to the 
north, he will find the whole phenomena of the heavens 
reversed. The stars which at his original station de- 
scribed their whole diurnal circles above his horizon, and 
never set, now describe them entirely below it, and never 
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rise, but reiuuin cons Ian lly invisible to liim ; and vice 
versa, those stars which at his former station he never 
saw, he will now never cease to see. 

(66.) Finally, if instead of culvaacing southwards from 
his first atalioa, he travel northwards, he will observe the 
%■ northern pole of the heavens to become more elevated 
above his horizon, and (he southern more depressed be- 
.low it. In consetiuenee, his hemisphere will present a 
less variety of stars, because a greater proportion of the 
whole surface of the heavens remains constantly visible 
or constantly iuviaible ; the circle described by each star, 
loo, becomes more nearly parallel to the horizon ; and, 
in short, every appearance leads to suppose t!iat could he 
travel far enough to the north, he would at length attain 
a point vertically under the northern pole of the heavens, 
at which none of the stars would either rise or set, but 
each would circulate round the horizon in circles parallel 
to it. Many endeavours have been made to reach this 
point, which is called the north pole of the earth, but 
hitherto without success ; a barrier of almost insurraounl- 
ablo difficulty being presented by the increasing rigour 
of the climate: but a very near approach to it has been 
made; and the phenomena of those regions, though not 
precisely such as we have described as what must subsist a/ 
the pole itself, have proved to be in exact correspondence 
with itiS near proximity. A similar remark applies to (he 
south pole of Ihe earth, which, however, is more unap- 
proachable, or, at least, has been less nearly approached, 
than the north. 

(67.) The above is an account of the phenomena of 
the diuraal motioQ of the stars, as modified by different 
geographical situations, not grounded on any specula- 
tion, but actually observed and recorded by travellers 
and voyagers. It is, however, in complete accordance 
with the hypothesis of a rotation of the earth round a 
fixed axis. In order (o show tliis, however, it will be 
necessary to premise a few observations on the appear- 
ances presented by au assemblage of remote objects. 
when viewed from different pails of a small and circum- 
scribed station. 

'68.) Imagine a landscape, in which a great multitude 
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of objects are placed at every variety of distance from the 
beholder. If he shift his point of view, though but for 
a few paces, he will perceive a very great change tn the 
apparent positions of the nearer objects, both with re- 
spect to himself and to each other. If he advance north- 
wards, for instance, near objects on his right and left, 
which were, therefore, to the east and west of his 
original station, will be left behind him, and appear to 
have receded southwards; some, which covered each 
other at first, will appear to separate, and others to ap- 
proach, and perhaps conceal each other. Remote objects, 
on the contrary, will exhibit no such great and remarka- 
ble changes of relative position. An object to the east 
of his. original station, at a mile 9r two distance, will 




still be referred by him to the east point of his horizon, 
with hardly any perceptible deviation. The reason of 
this is, that the position of every object is referred by us 
to the surface of an imaginary sphere of an indefinite ra- 
dius, having our eye for its centre ; and, as we advance 
in any direction, AB, carrying this imaginary sphere 
along with us, the visual rays AP, AQ, by which ob- 
jects are referred to its surface (at c, for instance), shift 
6ieir positions with respect to the line in which we 
move, AB, which serves as an axis or line of reference, 
and assume new positions, BPp, BQ q, revolving round 
their respective objects as centres. Their intersections, 
therefore, p, q, with our visual sphere, will appear to 
recede on its surface, but with different degrees of an 
gular velocity in proportion to their proximity; the 
same distance of advance AB subtending a greater an- 
gle, APB=cPp, at the near object P than at the remote 

one Q. 
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(6D.) This apparent angular molion of an object on 
our spnere of vision,* arising from a irhange of our poiu* 
of view, is called parallax, and it is always expressed 
by the angle BAP subtended at the object P by a line 
joining the two points of view AB under cons. deration 
For it is evident that the difference of angular position 
of P, with respect to the invariable direction ABD 
when viewed from A and from B, is the dilTcrcnce ol 
tbe two angles DBF and DAP; now, DBP being tlip 
exterior angle of the triangle, ABP is equal to the sum 
of the interior and opposite, DBP=DAP+APB, whence 
DBP— DAF=.APB. 

(70.) It follows from this, that the amount of paral 
lactic mutioa arising from any given change of our point 
of view is, ceteris paribus, less, as the distance of an 
object viewed is greater ; and when that distance is ex- 
tremely great in comparison with the change in our poin' 
of view, the parallax becomes insensible; or, in other 
words, objects do not appear lo vary in situation at all. 
It is on this principle, that in alpine regions visited for 
the first time we are surprised and confounded at the 
little progi'css we appear to make by a considerable 
change of place. An hour's walk, for instance, produces 
but a small parallactic change in tbe relative situations 
of the vast and distant masses which surround us. 
Whether we walk round a circle of a hundred yards in 
diameter, or merely turn ourselves round in its centre, 
the distant panorama presents almost exactly the same as- 
pect, — we hardly seem to have changed our point of view, 

•Tho- ideal aphete wiihoui lu, lo which w6 refer Ihe placea of objoclB, 
nnd which we carry alon^ wilh us wherever wb go, la no doubt inti- 
mnlely coiiQected by amocialion, it not enlirely dependent on thai ub- 

Ilrely diveit them. We have 

corresponciing, point tor point, lo [he eiteraal aphero. On this Ihe alare, 
&c, are really inappod downr as we have siippoaed them in tlie teit lo 
be. on the Lmoginary oonrave of the heavens. When the whole auriace 
or the retinffi la eicited bf light, habit leada ua to aasaciate it with Iho 
idea of a real anrface eiiating wilhout ob. Thus we become irapreBwd 
with Ihe noiion of a thy and a AoiMit. but Ihe concave Eurface of the 
relJDs ittelf is ihc irue seat of all vin/ilt angul&r dimension and angular 
motian. The tubeiiiutionof Ihe rtlina for Ihe heasaii would he awkward 
and inconvenient in Inngiinge, bai it laay alwaya be mentally made. 
(See SchtUsr'a pretty Enigma on Ihe eye in hii Turudot,} 



6 



DISTANCE OF TUE STARS. 



ts 



tfHAP. 1.] 

(71.) Whatever noUon, in other respects, we may 
form of the stars, it is quite clear they must be im- 
mensely distant. Were it not so, the apparent angular 
interval between any two of them seen over head would 
be much greater than when seen near the horizon, and 
the constellations, instead of preserving the same ap- 
pearances and dimensions during their whole diurnal 
course, would appear to enlarge as they rise higher iit 
the sky, as we see a small cloud in tlie horizon sweU 
into a great overshadowing canopy when drifted by the 
wind across our zenith, or as may be seen in the annex- 
ed figure, where a b, AB, a 6, are three different positions of 




the same stars, as they would, if near the earth, be seen 
from a spectator S, under the visual angles aS6, ASB. 
No such change of apparent dimension, however, is ob- 
served. The nicest measurements of the apparent an- 
gular distance of any two stars inter se, taken in any 
parts of their diurnal course, (after allowing for the un- 
equal effects of refraction, or when taken at such times 
that this cause of distortion shall act equally on both,) 
manifest not the slightest perceptible variation. Not 
only this, but at whatever point of the earth's surface the 
measurement is performed, the results are absolutely 
identical. No instruments ever yet invented by man 
are delicate enough to indicate, by an increase or dimi« 
nation of the angle subtended, that one point of the 
earth is nearer to or further from the stars than another. 
(73.) The necessary conclusion from this is, that the 
dhnensioiis of the earth, large as it is, are comparatively 
noiMngy alMolutely imperceptible, whea compared with 
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the inlerval which scparalca the stars from ihe earth. If 
an observer walk rouud a circle not more than a few 
yards in diameter, and from different points in its cir- 
cumference measure with a sextant, or other more enact 
instrument adapted for the purpose, the angles PAQ, 
PBQ, PCQ, Huhtended at those stations by two well 
defined points in hie visible horizon, PQ, he will atones 




be advertised, by' the difference of the results, of his 
change of distance from them arising from his change 
of place, although that difference may be so small as to 
produce no change in their general aspect lo hie unas- 
sisted sight. This is one of the innumerable inslancea 
where accurate measurement obtained by instrumentid 
means places ns in a totally different situation in respect 
to matters of fact, and conclusions thence deducible, 
from what we should hold, were we to rely in all cases 
on the mere judgment of the eye. To so great a nicety 
have such observations been carried by the aid of an 
instrument called a theodolite, that a circle of the dia- 
meter above mentioned may thus be rendered sensible, 
may thus be detected to have a size, and an ascertainable 
place, by reference to objects distant by fully 100,000 
times its own dimensions. Observations, differing, it ia 
true, somewhat in method, but identical in principle, 
and executed with nearly as mnch exactness, have b«ea ' 
applied to the stars, and with a result such as has been 
already staled. Hence it follows, incontrovertibly. that 
the dislanee of the stara from the earth cannqt be lO 
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imall as 100,000 of the earth's diameters. It is, indeed, 
incomparably greater ; for we shall hereafter find it ftdly 
demonstrated &at the distance just named, immense as it 
may appear, is yet much underrated. 

(73.) From such a distance, to a- spectator with our 
£aM;ulties, and funiished with our instruments, ^e earth 
would be imperceptible ; and, reciprocally, an object of 
the earth's size, placed at the distance of the stars, would 
be equally undiscemible. If, therefore, at the point on 
which a spectator stands, we draw a plane touching the 
globe, and prolong it in imagination till it attain the 
region of the stars, and through the centre of the earth 
conceive another plane parallel to the former^ and co- 
extensive with it, to pass; these, although separated 
throughout their whole extent by the same interval, viz. 
a seiai-diameter of the earth, will yet, on account of the 
vast distance at which that interval is seen, be confound- 
ed together, and undistinguishable from each other in the 
region of the stars, when viewed by a spectator on the 
earth. The zone they ther6 include will be of evanescent 
breadth to his eye, and will only mark out a great circle in 
the heavens, which, like the vanishing point in perspec- 
tive to which all parallel lines in a picture appear to 
converge, is, in fa^fi, the vanishing line to which all 
planes parallel to the horizon offer a similar appearance 
of ultimate convergence in the great panorama of nature. 

(74.) The two planes just described are termed, in 
astronomy, the sensible and rational horizon of the ob- 
server's station ; and the great circle in the heavens which 
marks their vanishing line, is also spoken of as a circle 
oi the sphere, under the name of the celestial horizon^ 
at simply the horizon. 

From what has been said (art. 72) of the distance 
of the stars, it follows, that if we suppose a spectator 
at the centre of the earth to have his view bounded by 
the rational horizon, in the same manner as that of a 
corresponding spectator on the surface is by his sensible 
horizon, the two observers will see the same stars in the 
same relative situations, each beholding that entire he- 
misphere of the heavens whicli is above the celestial 
horizon, corresponding to their common zenith. 




(75.) Now, BO far as appearancM go, it ia clearly tliB 
same thing whether the heavens, that ia, all space, with 
its contents, revolve round a apeclator at rest in the earth's 
centre, or whether that spectator simply turn round in the 
opposite direction in his place, and view them in suc- 
cession. _ The aspect of ihe beavena, at every instant, as 
referred to his horiion (which must be supposed to turn 
with him), will be the same in both suppositions. And 
since, as has been shown, appearances are also, so far as 
the stars are concerned, the same to a spectator on the sor- 
face as to one at the centre, it follows that, whether we sup- 
pose the heavens to revolve without the earth, or the earUi 
within the heavens, in the nppoiite direction, the diurnal 
phenomena, to all its inhabitants, vill be no way difierenb 
(76.) The Copernican astronomy adopts the latter as 
the true explanation of tliese phenomena, avoiding there- 
by the necessity of otherwise resorting to the ciirahroua 
mechanism of a solid but invisible sphere, to which the 
stars must be supposed attachedi in order thai they may 
be carried round the earth without derangement of their 
I relative situations inter at. Such a contrivance would, 
indeed, suffice to explain the diurnal revolution of the 
stars, so as to " save appearances ;" hut the movements of 
the Bun and moon, as well as (hose «f the planets, are in- 
compatible with such a supposition, as will appear when 
we come to treat of these bodies. On theolherhand, that 
a spherical maaa of moderate dimensions (or, rather, 
wKen compared with the surrounding and visible universe, 
of evanescent magnitude), held by no tie, and free lomove 
and to revolve, should do so, in conformity with those 
general laws which, bo far as we know, regulate the mo- 
tioiJB of all matscial bodies, is so far from being a postu- 
late difficult to be conceded, that the wonder would rather 
be should the fact prove olJierwise. As a postulate, there 
fore, we shall henceforth regard it; and as, in the pro- 
gress of our work, analogies offer themselves in its sup- 
port from what we observe of otheflelestial bodies, we 
shall not fail to point them out to the_ reader's notice. 
Meanwhile, it wiU be proper to define a' variety of tenm 
which will be continually employed hereafter. 

(77.) Dkfinition 1. The axis of the earth is that di- 
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aineter about which it revolves, with a uniform motion, 
from west io east ; performing one revolution in the in- 
terval which elapses between any star leaving a certain 
point in the heavens, and returning to the same point 
igain. 

(78.) Def. 2. The poles of the earth are Ike points 
where its axis meets its surface. The North Pole is that 
nearest to Europe ; the South Pole that most remote from it. 

(79.) Def. 3. The sphere of the heavens, or the sphere 
of the stars, is an imaginary spherical surface of infinite 
radius, and having the centre of the earth, or, which 
comes to the very same thing, the eye of any spectator 
on its surface, for its centre. Every point in this sphere 
may be regarded as ifie vanishing point of a system of 
lines parallel to that radius of the sphere which passes 
through it, seen in perspective from the earth ; and any 
great circle on it, as the vanishing line of a system of 
planes parallel to its own. This mode of conceiving such 
points and circles has greaiadvstntages in a variety of cases. 

(80.) Def. 4. The zemC&aiid nadir* are the two points 
of the sphere of the heavB^^s, vertically over the specta- 
tor's head, and vertically under his feet ; they are, there- 
fore, the vanishing points of all lines mathematically pa- 
rallel to the direction of a plumb-line at his station. The 
plumb-lin6 itself is, at every point of the earth, perpen- 
dicular to its spherical surface : at no two stations, there- 
fore, can the actual directions of two plumb-lines be re- 
garded as mathematically parallel. They converge to- 
wards the centre of the earth ; but for very small intervals 
(as in the area of a building — in one and the same town, 
&c.) the difference from exact parallelism is so small, that 
it may be practically disregarded. An. interval of a mile 
corresponds to a convergence of plumb-lines amounting 
to about 1 minute. The zenith and nadir are the poles 
of the celestial horizon ; that is to say, points 90° distant 
from every point in- it. The celestial horizon itself is 
the vanishing line of a system of planes parallel to the 
sensible and rational horizon. 



* From Arabic words. Nadir correspor«ds.. evidently to the German 
fite^fdown) 
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(81.) Def. 6. Vertical circles of the sphexlBture great 
circles passing through the zenith and nadir, HW^great cir- 
cles perpendicular to the horizon. On these' are mear 
sured the altihides of objects above the horizon— -tiie 
complements to which are their zenith distancesi 

(82.) 9ef. 6. The poles of the heavens are Ihe points 
of the sphere to which the earth's axis is directed ; or 
the vanishing points of all lines parallel thereto. 

(83.) DisF. 7. The earth* 8 equator is a great circle on 
its surface, equidistant from its poles, dividing it into 
two hemispheres — a northern and a southern; in the 
midst of which are situated the respective poles of the 
earth of those names. The plane of the equator is, 
therefore, a plane perpendicular to the earth's axis, and 
passing through its centre. The celestial equator is a 
great circle of the heavens, marked out by the indefinite 
extension of the plane of the terrestrial, and is the vanish* 
ing line of all planes parallel to it. This circle is called 
by astronomers the equinoctial. 

(84.) Def. 8. The terv^iirial meridian of a station 
on the earth's surface is a gieat circle passing through 
both the poles and through the place. When its plane 
is prolonged to the sphere of the heavens, it markis out 
the c6/69^ia/mm{/ian of a spectator stationed at that place. 
When we speak of the meridian of a spectator, we intend 
the celestial meridian, which is a vertical circle passing 
through the poles of the heavens. 

The plane of the meridian is the plane of this circle, 
and its intersection with the sensible horizon of the spec- 
tator is called a meridian line, and marks the north and 
south points of his horizon. 

(85.) Def. 0. ^zimuth is the angular distance of a 
celestial object ^m the north or south point of the hori- 
zon (according as it is the north or south pole which is 
elevated)^ when the object is referred to the horizon by 
a vertical circle ; or it is the angle comprised between 
two vertical planes— one passing through the elevated 
pole, the other through the object. The altitude and 
azimuth of an object being known, therefore its place in 
the visible heavens is determined. For their simultane- 
ous measurement, a peculiar instrument has been ima- 
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ginedy called an altitude and azimuth instrument, which 
will be described in the next chapter. 

(86.) DsF. 10. The latitude of a place on the earth's 
surface is its angular distance from the equator, measured 
on its own terrestrial meridian : it is reckoned in degrees, 
minutes, and seconds, from up to 90^, and northwards 
or southwards according to the hemisphere the place lies 
in. Thus, the observatory at Greenwich is situated in 
br 28' 40" north latitude. This definition of latitude, it 
will be observed, is to be considered as only temporary. 
A more exact knowledge of the physical structure and 
figure of the earth, and a better acquaintance with the 
niceties of astronomy, will render some modification of its 
terms, or a different manner of considering it, necessary. 

(87.) Def. 11. Parallels of latitude are small circles 
on the earth's surface parallel to the equator. Every 
point in such a circle has the same latitude. Thus, Green- 
wich is said to be situated in the parallel of 61° 28' 40". 

(88.) Def. 12. The longitude of a place on the earth's 
surface is the inclination of its meridian to that of some 
fixed station referred to as a point to reckon from. Eng- 
lish astronomers and geographers use the observatory at 
Greenwich for this station ; foreigners, the principal ob- 
servatories of their respective nations. Some geographers 
have adopted the island of Ferro. Hereafter, when we 
speak of longitude, we reckon from Greenwich. The 
longitude of a place is, therefore, measured by the arc of 
the equator intercepted between the meridian of a place 
and that of Greenwich ; or, which is the same thing, by 
the spherical angle at the pole included between these 
meridians. 

As latitude is reckoned north or south, so longitude 
is usually said to be reckoned west or east. It would 
add greatly, however, to systematic regularity, and tend 
much to avoid confusion and ambiguity in computations, 
were this mode of expression abandoned, and longitudes 
reckoned invariably westward from their origin round 
the whole circle from to 360^. Thus the longitude 
of Paris is, in common parlance, either 2° 20' 22" east, 
or 357^ 39' 38" west of Greenwich. But, in the sense 
on which we shall henceforth use and recommend others 

G 
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to use the term, the latter is its proper deeignatioo. 
Longitude is also reckoned in time at the rate of 24 h. 
for 360°, or 15° per hour. In this system the longitude 
of Paris is 2dh. 50m. dSis. 

(89.) Knowing the longitude and latitude of a place, 
it may be laid down on an artificial globe ; and thus a 
map of the earth may be constructed. Maps of particu- 
lar countries are detached portions of this general map, 
extended into planes ; or, rather, they, are representations 
on planes of such portions, executed according to certain 
conventional systems of rules, called projections, the 
object o( which is either to distort as little as possible 
the outlines of countries from what they are on the globe 
-*or to establish easy means of ascertaining, by inspec- 
tion or graphical measurement, the latitudes and longi- 
tudes of places which occur in them, without referring 
to the globe or to books-— or for other peculiar uses. See 
chap. III. 

(90.) A globe, or general map of the heavens, as well 
M charts of particular parts, may also be constructed, 
and the stars laid down in their proper situations rela- 
tive to each other, and to the poles of the heavens and 
the celestial equator. Such a representation, once made, 
will exhibit a true appearance of the stars as tliey pre- 
sent themselves in succession to every spectator on the 
surface, or as they may be conceived to bo seen at once 
by one at the centre of the globe. It is, therefore, in- 
dependent of all geographical localities. There will 
occur in such a representation neither zenith, nadir, nor 
borison— neither-' east nor west points; and although 
great circles may be drawn on it from pole to pole, cor 
responding to terrestrial meridians, they can no longer, 
in this point of view, be regarded as the celestial meri- 
dians of fixed points on the earth's surface, since, in 
the course of one diurnal revolution, every point in it 
passes beneath each of them. It is on account of this 
change of conception, and with a view to establish a 
complete distinction between the two branches of GeO' 
graphy and Uranography,* that astronomers have 
adopted difierent terms (viz. declination, and right 

♦ f", thaMurth; >'<«?«♦•', to detcribe or repre«ent: •«««»'•{, the haavenf 
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ascension) to represent those arcs in the heavens which 
correspond to latitudes and longitudes on the earth. It 
is for this reason that they term the equator of the hea- 
vens the equinoctial ; that what are meridians on the 
earUi are called hour circles in the heavens, and the 
angles they include between them at the poles are called 
kmtr angles. All this is convenient and intelligible; 
and had they been content with this nomenclature, no 
eoztifosion could ever have arisen. Unluckily, the early 
astronomers have employed also the words latitude and 
longitude in their uranography, in speaking of arcs of 
circles not corresponding to those meant by the same 
words on the earth, but having reference to the motion 
of the sun and planets among the stars. It is now too 
late to remedy this confusion, which is ingrafted into 
every existing work on astronomy : we can only regret, 
and warn the reader of it, that he may be on his guard 
when, at a more advanced period of our work, we 
shall have occasion to define and use the terms in their 
celestial sense, at the same time urgently recommending 
to future writers the adoption of others in their places. 

(91.) As terrestrial longitudes reckon from an assumed 
fixed meridian, or from a determinate point on the equa- 
tor; so right ascensions in the heavens require some 
determinate hour circle, or some known point in the 
equinoctial, as the commencement of their reckoning, or 
their zero point. The hour circle passing through some 
remarkably bright star might have been chosen ; but there 
would have been no particular advantage in this ; and 
astronomers have adopted, in preference, a point in the 
equinoctial called the equinox, through which they sup- 
pose the hour circle to pass, from which all others are 
reckoned, and which point is itself the zero point of all 
right ascensions, counted on the equinoctial. 

The right ascensions of celestial objects are always 
reckoned eastward from the equinox, and are estimated 
either in degrees, minutes, and seconds, as in the case 
of terrestrial longitudes, from 0° to 360°, which com- 
pletes the circle ; or, in time, in hours, minutes, and 
seconds, from Oh. to 2i h. The apparent diurnal motion 
of the- heavens being contrary to the real motion of the 
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earlh, this is in coBfortnily with the westward reckoa- 
ing of longitudes. (ArL 87.) 

(92.) Sidereal lime is reckoned by the diurnal motion 
of the stars, or rather of that point in the equinoctial 
from which right ascensions are reckoned. I'his point 
may be considered as a star, though no star is, in fact, 
there ; and, moreover, the point itself is liable to a cer- 
tain alow variation, — so slow, however, as not lo aflect, 
perceptibly, the interval of any two of its snccessive 
returns to the meridian. This interval is called a side- 
real day, and is divided into 24 sidereal hours, and these 
again into minutes and seconds. A dock which marks 
sidereal time, i, e. which goes uniformly at such a rate 
as always to showO h.Om. Os. when the equinox comes 
on the meridian, is Cidled a sidereal clock, and is an in- 
dispensable piece of furniture in every observatory. 

(93.) It remains lo illustrate tliese descriptions by 
reference to a figure. Let G be the centre of the earth) 
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NCS its axil i then are N and 8 its polet; EQ its ^ua 
tor f AB the paraJkl of latitude of the station A on iu 
surface ; AP paraUel to SON, the direction in which ai 
observer at A will see the devoted pole of the h«M^», 
and AZ, the prolongation of the terrestrial ladiui CA, 
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that of his zenith. NAES will be his meridian ; NG9 
Ihat of some fixed station, as Greenwich; and 6G, or 
the aphericaJ angle GNE, his longitude, and EA his la- 
titude. Moreover, if ns be a plane touching the surface 
in A, this will be hia sensible horizon; nAs marked on 
th&t pluie by its intersection with his meridian will be 
biB meridian line, and n and » the north and south points 
of his horizon. 

(94.) Again, neglecting the size of the earth, or con- 
ceiring him stationed at its centre, and referring every 
thing to his rational horizon ; let the annexed figure 
represent the sphere of the heavens ; C the spectator; 
Z his zenith ; and N hia nadir ; then will HAO a great 
circle of the sphere, vhose poles are ZN, be his celet- 
Hal horizon ; Pp the elevated and depretsed polks of 
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the heavens ; HP the altitude of the pole, and HPZEO 
hi* meridian; ETQ, a great circle perpendicular to F^, 
will be the equinoctit^ ; and if T represent the equinox, 
V T will be the right ascension, TS the declination, and 
PS the polar distance of any star or object S, referred to 
the equinoctial by the hour drele PBTp ,- and BSD will 
be the diurnal circle it will appear to describe abont the 
pole. Again, if we refer it to the horizon by the vertical 
circle Z6A, HA will be its azimath, AS its altitude, and 
Z8 it» zenith distance. H and O are the north- and 
Mulb, Mid etc the east and west points of his horizoni 
G2 
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cr of the heavens. Moreover, if HA, Oo, he amail cir- 
cles, or parallda of dtclination, touching the horizon in 
iia north and south points, HA vjill be the circle of per- 
peluai apparition, betiveen which and the elevated pole 
ilie stars never set; Oo tliat of perpetual occultation, 
between which and the depressed pole ihey never rise. 
In all the zone of the heavens between HA and Oo, 
they rise and set, any one of them, as S, remaining above 
the horizon, in that 'part of its diurnal circle represented 
hy AB a, and below it throughout all the part represented 
by AD a. It will exercise the reader to construct this 
figure for several different elevations of the pole, and fot 
a variety of positions of the star S in each. The fol- 
lowing consequences result from these deiiDitioDS, and 
are propositions which the reader will readily bear in 

(95.) The altitude of the elevated pole is equal to the 
ijjatitude of the spectator's geographical stiiiion. For, 
9^ comparing the figures of arls. 93 and 94, it appears that 
' the angle PAZ, between the pole and zenith, in the one 
figure, which is the co-edli/uile (complement lo 90" of the 
altitude) of the pole, is equal to the angle NCA in the 
other i CN and AP being parallels whose vanishing point 
is the pole. Now, NCA is the co-latitude of the plane A. 

(96.) The same stars, in their diurnal revolution, come 
to the meridian, successively, of every place on the globe 
once in twenty-fonr sidereal hours. And, since the di- 
urnal rotation is uniform, the interval, in sidereal time, 
which elapses between the same star coming upon the 
meridians of two different places is measured by the dif- 
ference of longitudes of the places. 

(07.) Vxct versa — the interval elapsing between two 
d^erent stars coming od the meridian of one and the 
same place, espressed in sidereal time, is the measure of 
the difference of righ» ascensions of the stars. 

This explains the reason of Ihe double division of the 
equator and equinoctial into degrees and hours. 

(98.) The equinoctial intersects the horizon in the east 
and west points, and the meridian in a point whose alti- 
tude is equal to the co-latitude of the place. Thus, at 
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Greenwich, the altitude of the intersection of the equi- 
noctial and meridian is 38° 31' 20". 

(99.) All the heavenly bodies culminate (i. c. come to 
their greatest altitudes) on the meridian ; which is, there- 
fore, the best situation to observe them, being least con- 
fused by the inequalities and vapours of the atmosphere, 
as Well as least displaced by refraction. 

(100.) All celestial objects within the circle of perpe^ 
toal apparition come twice on the meridian, above the hori- 
zoily in every diurnal revolution ; once above and once 
bdow the pole. These are called their upper and lower 
culminations, 

. (101.) We shall conclude this chapter by calling the 
reader's attention to a fact, which, if he now learn for the 
first time, will not fail to surprise him, viz. that the stars 
continue visible through telescopes during the day as well 
as the night ; and that, in proportion to the power of the 
instrument, not only the largest and brightest of theav 
bat even those of inferior lustre, such as scarcely strikf 
the eye at night as at all conspicuous, are readily found 
and followed even at noonday, — unless in that part of the 
sky which is very near the sun, — by those who possess the 
means of pointing a telescope accurately to the proper 
places. Indeed, from the bottoms of deep narrow pits, such 
as a well, or the shaft of a mine, such bright stars as pass 
the zenith may even be discerned by the naked eye ; and 
>we have ourselves heard it stated by a celebrated optician, 
that the earliest circumstance which drew his attention 
to astronomy was the regular appearance, at a certain 
hour, for several successive days, of a considerable star 
through the shaft of a chimney. 
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InlervalB— Applicatian of Ihe Telescope ts IniminientB deil 

Purpose — Of ifie Mural Circle — Fiiation oT polar and luuu 
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and Azimuth Inelrumeuli— Of the Sexuni and reflociing Circle— Piino* 

plcofRopvliliou. 

(103.) Our fint chapter has been Uevoled to the 
acquisition chiefly of preliminary notions respecting' the 
^lobe we inhabit, its relation to the celestial objects which 
BucTounJ it, and the physical circumstances under which 
all aslronotnical observations muBl be made, as well as to 
mpvide ourselves with a stock of technical words of most 
. jftqucnt and familiar use in the sequel. We might now 
proceed to a more exact and detailed statement of the 
ftctB and theories of astronomy; but in order to do this 
with full eAect, it will be desirable that the reader be . 
made nrquainled with the principal means which astrono- 
mers poEseas, of determining', with the degree of nicety 
their iheon^ require, the data on which they ground their 
conclusions ; in other words, of ascertaining by measure- 
ment the apparent and real ins^itudes with which they 
are conversant. It in only when in possession of this 
knowledge that he can fully appreciate either the truth of 
the theories themselves, or tite degree of reliance to be 
placed on any of ihcit conclusions antecedent to trial; 
since it is otUy by knowing what amount of error can 
certainly be perceived and distinctly measured, that he 
can satisfy himself whedier any theory offers so close an 
approximation, in its numerical results, to actual phe- 
nomena, as will justify him in receiving it as a tme repre- 
sentation of nature. 

(103.) Astronomical instrument-making may be jusdf 
rtgarded as the most refined of the mechanicBl art^np 
that in which the nearest approach to geometricif^li^'^ 
sion is required, and has been attained. It may be QH<t^t 
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an easy thing, by one unacquainted with the niceties re- 
quired, to turn a circle in metal, to divide its circumfe- 
rence into 360 equal parts, and these again into smaller sub- 
divisions,--* to place it accurately on its centre, and to ad- 
just it in a given position ; but practically it is found to be 
one of the most difficult. Nor will this appear extraordina- 
ly, when it is considered that, owing to the application of 
telescopes to the purposes of angular measurement, every 
imperfection of structure or division becomes magnified 
by the whole optical power of that instrument ; and that 
thus, not only direct errors of workmanship, arising from 
uiiBteadiness of hand or imperfection of tools, but those 
inaccuracies which originate in far more uncontrollable 
canses, such as the unequal expansion and contraction of 
metaUic masses, by a change of temperature, and their 
unavoidable flexure or bending by their own weight, be- 
come perceptible and measurable. An angle of one mi- 
imte occupies, on the circumference of a circle of 10 
inches in radius, only about -377th part of an inch, a quai^ 
tity too small ta be certcdnly dealt with without the use 
of magnifying glasses ; yet one minute is a gross quan- 
tity in the astronomical measurement of an angle. With 
the instruments now employed in observatories, a single 
second, or the 60th part of a minute, is rendered a dis- 
tinctly visible and appreciable quantity. Now, the arc 
of a circle, subtended by one second, is less than the 
200,000th part of the radios, so that on a circle of 6 feet 
in diameter it would occupy no greater linear extent than 
j^^ih part of an inch ; a quantity requiring a powerful 
microscope to be discerned at all. Let any one figure to 
himself, therefore, the difficulty of placing on the circum- 
ference of a metallic circle of such dimensions (supposing 
the difficulty of its construction surmounted) 360 marks, 
dots, or cognizable divisions, which shall be true to their 
places within such minute limits ; to say nothing of the 
subdivision of the degrees so marked off into minutes, and 
of these again into seconds. Such a work has probably 
baffled, and will probably for ever continue to baffle, the 
utmoibt stretch of human skill and industry ; nor, if exe- 
cuted, could it endure. The ever varying fluctuations of 
heat and cold have a tendency to produce not morcly tern- 
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porary and transient, but permanent, ancompensalcd 
changes of form in all coneiderable masses of ihoae metals 
which atone are applicable to such usea ; and Iheir own 
weight, however symmetrically formed, must always be 
unequally sustained, since it is impossible to apply the 
sustaining power to every pari separately ; even could 
this be done, at all events force must be used to move and 
to fix them ; wliich can never be done withouL-producing 
temporary and risking permanent change of form. It is 
true, by dividing them on their centres, and in the identi- 
cal places ihey are destined to occupy, and by a thousand 
ingenious and delicate contrivances, wonders have been 
accomplished in this department of art, and a degree of 
perfection has been given, not merely to che/s d'ceuvre, 
but to instruments of moderate prices and dimensions, and 
in ordinary use, which, on due consideration, must ap- 
pear very surprising. But though we are entitled to look 
for wonders at the hands of scientific artists, we are not 
to expect miracles. The demands of the astronomer 
win ^ways surpass the power of the artist ; and it must, 
therefore, be constantly the aim of the former to make 
himself, as far as possible, independent of the imperfec- 
tions incident to every work the latter can place in his 
hands. He must, therefore, endeavour so to combine his 
observations, so to choose his opportunities, and so to: 
familiariae himself willi all tiie causes which may pro- 
duce instrumental derangement, and with all. the pecu-- 
liariiies of structure and material of each instrument he 
possesses, as not to allow himself to be misled by their 
errors, but to extract from their indications, as far as possi- 
ble, all that is true, and reject all that is erroneous. It- 
is in this that the art of the practical astronomer consists, 
— an art of itself of a curious and intricate nature, and of 
which we can here only notice some of the leading and. 
general features. 

(104.) The great aim of the practical astronomer be- 
ing nuniericai correctness in the results of instnimental 
measurement, his constant care and vigilance iimst be 
directed to the detection and compensation of errors, ■ 
either by annihilating, or by taking account of, and al» 
'owing for them. Now, if we examine the sources frtun 
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which errors may arise in any instrumental determina- 
tion, we shall find them chiefly reducible to three prin- 
cipal heads : — 

(105.) 1st, External or incidental causes of error : 
comprehending such as depend on external, uncontrol- 
lable circumstances : such as, fluctuations of weather, 
which disturb the amount of refraction from its tabu- 
lated value, and, being reducible to no fixed law, induce 
uncertainty to the extent of their own possible magni- 
tude ; such as, by varying the temperature of the air, 
vary also the form and position of the instruments used. 
by altering relative magnitude and tlie tension of their 
parts ; and others of the like nature. 

(106.) 2dly, Errors of observation : such as arise, for 
example, from inexpertness, defective vision, slowness 
in seizing the exact instant of occurrence of a pheno- 
menon, or precipitancy in anticipating it, &c. ; from at- 
mospheric indistinctness; insuflicient optical power in 
the instrument, and the like. Under this head may also 
be classed all errors arising from momentary instrumental 
derangement, — slips in clamping, looseness of screws, &c. 

(107.) 3dly, The third, and by far the most numerous 
elass of errors to which astronomical measurements are 
liable, arise from causes which may be deemed instru- 
mentaly and which may be subdivided into two principal 
classes. The Jirst comprehends those which arise from 
an instrument not being what it professes to be, which 
is error of* workmanship. Thus, if a pivot or axis, in- 
stead of being, as it ought, exact cylindrical, be slightly 
flattened, or elliptical, — if it be not exactly (as it is in- 
tended it should) concentric with the circle it carries ;— 
if this circle (so called) be in reality not exactly circular, 
or not in one plane ; — if its divisions, intended to be 
precisely equidistant, should be placed in reality at un- 
equal intervals, — ^and a hundred other things of the same 
sort. These are not mere speculative sources of error, 
but practical annoyances, which every observer 'has to 
contend with. 

(108.) The other subdivision of instrumental errors 
comprehends such as arise from an instrument not being 
placed in the positian it ought to have ; and from those 
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of its parfjj, wh h m d purposely- moveable, not 

being properly d po d n/ These are frrora oj 

adjustment, Sora n d ble, as ihey arise from 

a general unslead n f h 1 or building in which 
Ihe inalruments are placed ; wbich, though too minuie 
to be noliced in any other way, become appreciable in 
delicate astronomical observations : ulhcrs, again, are 
conaequencea of imperfect workmanship, aa where an 
matrument once well adjusted will not remain so, but 
keeps deviating and shifting. But the most important 
of this class of errors arise from the non-exislcnce of 
natural indications, other than those afforded by astrono- 
mical observations themselves, whether an instrument 
has or has not ihe exact position, with respect lo the 
horizon and its cardinal points, the axis of Uie earth, or 
to other principal astronomical lines and circles, which 
it ought to have to fulfil properly its objects. 

(109.) Now, with respect to the first two classes of 
error, it must be observed, that, in so far as liiey cannot 
hff reduced to known laws, and thereby become subjects 
of calculation and due allowance, they actually vitiate, to 
their full extent, the results of any observations in which 
they subsist. Being, however, in their nature casual 
and accidental, their effects necessarily lie soinetimeB 
one way, sometimes the other ; sometimes diminishing, 
Goraelimes lending to increase the resolls. Hence, by 
greatly msltiplying observations, under varied circum- 
stances, and taking the mean or average of their results 
this class of errors may be so far subdued, by setting 
them to destroy one another, as no longer sensibly to 
vitiate any theoretical or practical conclusion. This is 
the great and indeed only resource against such errors nol 
merely to the astronomer, but to the investigator of nu 
merical results in every department of physical research 

(110.) With regard lo errors of adjustment and work 
manship, not only the posiihility, but the certainty, of 
their existence, in every imaginable form, in all inatru 
mcnls, must be contemplated. Human hands or ma 
chines never formed a circle, drew a straight line, oi 
erected a perpendicular, nor ever placed an instrument 
m perfect adjuslment, unless accidentally ; and than only 
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during an instant of time. This does not prevent, how- 
eyer, that a great approximation to all these desiderata 
should be attained. But it is the peculiarity of astrono- 
mical observation to be the ultimate means of detection 
of all mechanical defects which elude by their minute- 
ness every other mode of detection. What the eye can- 
not discern, nor the touch perceive, a course of astrono- 
mical observations will make distinctly evident. The 
imperfect products of man's hands are here tested by 
being brought into comparison with the perfect work- 
manship of nature ; and there is none which will bear 
the trisd. Now, it may seem like arguing in a vicious 
circle, to deduce theoretical conclusions and laws from 
observation, and then to turn round upon the instruments 
with which those observations were made, accuse them 
tjf imperfection, and attempt to detect and rectify their 
errors by means of the very laws and theories which 
they have helped us to a knowledge of. A little consi- 
deration, however, will suffice to show that such a course 
of proceeding is perfectly legitimate. 

(ill.) The steps by which we arrive at the laws of 
natural phenomena, and especially those which depend 
fcOr their verification on numerical determinations, are 
necessarily successive. Gross results and palpable laws 
are arrived at by rude observation with coarse instru- 
ments, or without any instruments at all ; and these are 
corrected and refined upon by nicer scrutiny with more 
delicate means. In the progress of this, subordinate 
laws are brought into view, which modify both the verbal 
statement and numerical results of those which first of- 
fered themselves to our notice ; and when these are traced 
out, and reduced to certainty, others, again, subordinate 
to them, make their appearance, and become subjects of 
further inquiry. Now, it invariably happens (and the 
reason is evident) that the first glimpse we catch of such 
sabordinate laws — the first form in which they are 
dimly shadowed out to our minds — is that of errors. 
We perceive a discordance between what we expect 
and what vrefind. The first occurrence of such a dis- 
cordance we attribute to accident. It happens again and 

again ; and we begin to suspect our instruments. We 

H 
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then inquire, to what amount of error their determina- 
tions con, by poaaibilily, he liable. If their limit of pos- 
sible error exceed the observed deviation, we at once 
condemn the inatniment, and set about improving its 
Hjonslruction or adjustments. Still the same deviations 
«ccur, and, bo far from being palliated, are more marked 
and belter defined tlian before. We are now sure that 
v/o are on the traces of a law of nalme, and we pursue 
it till we have reduced it to a definite statement, and 
verified it by repeated obBervaiion, under every variety 

(112.^ Now, in the course of this inquiry, it will 
not fail to happen that other discordances will strike us. 
Taught by experience, we suspect the existence of some 
natural law, before unknowu ; we tabulate (i. e. dra^oiit 
in order) the results of our observations ; and we per- 
ceive, in this synoptic statement of them, distinct indi- 
cations of a regular progression. Again we improve or 
vary our instruments, and we now lose sight of this sup- 
pnspd new law of nature altogether, or find it replaced 
by some other, of a, totally different character, ThnS 
we are led to suspect an inatmniental cause for what 
we have noticed. We examine, therefore, the theory 
of our instrument j we suppose defects in its struc- 
ture, and, by the aid of geometry, we trace their in- 
fluence in introducing actual errors into its indications. 
These errors have their laws, which, so long as wa 
Iiave no knowledge of causes to guide us, may be con* 
founded wi'th laws of nature, and are mixed up with 
them in their effects. They are not fortuitous, like 
errors of observaliou, but, as tliey arise from sources 
inherent in the inalnunenl, and unehBngeabie while it 
and its adJQSlmenla remain unchanged, they are reduci- 
ble to fixed and ascertainable forms ; each particular 
defect, whether of structure or adjustment, producing its 
own appropriate form of error. When these are tho- 
roughly investigated, we recognise among them one 
which coincides in ils nature and progression with that 
of our observed discordances. The mystery is at once 
solved: we have detected, by direct obBervaiion, au in- 
strumeulal defect. 
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(113.) It is, therefore, a chief requisite for the practi- 
cal astronomer to make himself completely familiar with 
the theory of his instruments, so as to be able at once to 
decide what effect on his observations any given imperfec- 
tion of structure or adjustment will produce in any given 
circumstances under which an observation can be made. 
Suppose, for example, that the principle of an instrument 
required that a circle should be exactly concentric with 
the axis on which it is made to turn. As this is a condi- 
tion which no workmanship can fulfil, it becomes neces- 
sary to inquire what errors will be produced in observa- 
tions made and registered on the faith of such an instru- 
ment, by any assigned deviation in this respect ; that is 
to sajTy what would be the disagreement between obser- 
vations made with it and with one absolutely perfect, 
could such be obtained. Now, a simple theorem in geo- 
metry shows that, whatever be the extent of this devia- 
tion, it may be annihilated in its efiect on the result of 
observations depending on the graduation of the limb, 
bjr the very easy method of reading off the divisions on 
two diametrically opposite points of the circle, and tak- 
ing a mean ; for the effect of eccentricity is always to 
ineieaae one such reading by just the same quantity l^y 
which it diminishes the other. Again, suppose that the 
proper use of the instrument required that this axis should 
be exactly parallel to that of the earth. As it never can 
be placed or remain so, it becomes a question, what 
amount of error will arise in its use from any assigned 
deviation, whether in a horizontal or vertical plane, from 
this precise position. Such inquiries constitute the theory 
of instrumental errors ; a theory of the utmost import- 
ance to practice, and one of which a complete knowledge 
will enable an observer, with very moderate instrumental 
means, to attain a degree of precision which might seem 
to belong only to the most refined and costly. In the 
present work, however, we have no further concern with 
it The few astronomical instruments we propose to de- 
scribe in this chapter will be considered as perfect both in 
construction and adjustment. 

(114.) As the above remarks are very essential to a 
rignt understaiiding of the philosophy of our subject and 
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the spirit of astronomieul mclhods, we shall elucidate 
them by taking a case. Observant persons, before the 
invention of astronomical instnimenls, had already con- 
cluded the apparent diurnal motions of the stars to be 
performed in circles about fixed poles in the lieavens, as 
shown in the foregoing chapter. la drawing this con- 
clusion, however, refraction was entirely overlooked, or, 
if forced on iheir notice by its great magnitude in the 
immediate neighbourhood of the horizon, was regarded 
as a local irregularity, and, as such, neglected or slurred 
over. Ab soon, however, as the diurnal paths of the stars 
were attempted to be traced by instruments, even of the 
coarsest kind, it became evident that the notion of exact 
circles described about one and the same pole would not 
represent the phenomena correctly, but that, owing to 
some cause or other, the apparent diurnal orbit of every 
star is distorted from a circular into an oval form, its 
lower segment being Jlatter than its upper ; and the de- 
viation being greater the nearer the star approached the 
horizon, the eOect being the same as if the circle had 
been squeezed upwards from below, and the lower paria 
more than the higher. For such an effect, as it was soon 
found to arise from no casual or instrumental cause, it 
became necessary to seek a natural one ; and refraction 
readily occurred to solve the difficulty. In fact, it is a 
case precisely analagous to what we have already (art. 
47) noticed, of the apparent distortion of the sun near 
the horizon, only on a larger scale, and traced up to greater 
altitudes. This new law once established, it became ne- 
cessary to modify the expression of that anciently re- 
ceived, by inserting in it a sa/tio for the effect (ff refraction, 
or by malting a distinction between the (parent diurnal 
orbits, as affected by refraction, and tlie true ones cleared 
of that effect. 

(116.) Again: The first impression produced by a 
view of the diurnal movement of the heavens is, that all 
the heavenly bodies perform this revolution in one com- 
mon period, viz. a day, or 24 hours. But no sooner do 
we come to examine the matter inslnimmtally, i. e, by 
noting, by timekeepers, their successive arrivals on the 
meritiiaii, than we And differences which cannot be ac- 




CBAP. II.] LAWS TRACED BV OBSERVATION. 76 

counted for by any error of observation. All tlie stars ^ 
it is true, occupy the same interval of time between ♦heir 
successive appulses to the meridian, or to any vertical 
circle ; but this is a very different one from that occupied 
by the sun. It is palpably shorter : being, in fact, only 
23* 56' 4*09", instead of 24 hours, such hours as our 
common clocks mark. Here, then, we have already two 
different days^ a sidereal and a solar ; and if, instead of 
the sun, we observe the moon, we find a third, much 
longer than either, — a lunar day, whose average dura- 
tion is 24** 54" of our ordinary time, which last is solar 
time, being of necessity conformable to the sun^s succes- 
sive reappearances, on which all the business of life de- 
pends. 

(116.) Now, all the stars are found to be unanimous 
in giving the same exact duration of 23** 56' 4"-09, for 
tJ[ie sidereal day ; which, therefore, we cannot hesitate to 
receive as the period in which the earth makes one revo- 
lution on its axis. We are, therefore, compelled to look 
^ia the.sun and moon as exceptions to the general law ; 
*iii having a different nature, or at least a different relation 
'^ li8» from the stars ; and as having motions, real or ap- 
parent, of their own, independent of the rotation of the 
ttorth on its axis. Thus a great and most important dis- 
tinction is disclosed to us. 

(117.) To establish these facts, almost no apparatus is 
required. An observer need only station himself to the 
north of some well defined vertical object, as the angle 
of a building, and placing his eyes exactly at a certain 
"fixed point (such as a small hole in a plate of metal nail- 
ed to some immoveable support), notice the successive 
disappearances of any star behind the building, by a 
watch.* When he observes the sun, he must shade his 
eye with a dark-coloured or smoked glass, and notice the 
moments when its western and eastern edges successively 

• This is an excellent practical method of ascertaining the rate of a 
dock or watch, being exceedingly accurate if a few precautions are at- 
tended to ; the chief of which is, to take care that that part of the edfe 
behind which tlie star (a bright one, not a planet) disappears shall be 
qnite smooth ; as otlierwise variable reflection may transfer the point of 
aisappearance from a protuberance to a notch, and thus vary the moment 
of ooBervation unduly : this is easily secured, by nailing up a smooth 
edged board. 

xl 4 
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i;ome up :he wall, from which, liy Uiking half tha in- 
lerval he I aecerlam (what he cauiiot cUrci;tIy observe) 
the moit of disappearance of its ccntrs. 

(lis.) hen, in pursuing and establiahiag this gene- 
ral fact, we are led lo attend more nicely to the limes of 
the daily arrival of the sun on tlio meridian, irregulari- 
ties (so ihcy fint 6eem) begin to be observed. The inter- 
vals between two successive arrivals are not the same at 
all times of the year. They are sometimes greater, 
sometimes less, than 24 hours, as sliown by the clock ; 
lliat ia to say, the solar day is not always Of the same 
length. About the 23st of December, for example, it is 
half a minute longer, and about the same day of Septem- 
ber nearly as much shorter, than its average duration. 
And thus a distinction is again pressed upon our notice 
between the actual solar day, which is never two days in 
succession alike ; and the mean solar day of 24 hours, 
which ia an average of all the solar days throughout the 
year. Here, then, a new source of inquiry opens upou 
us. The sun's apparent motion ia not only not the same 
with that of the stara, but it is not (as the latter is) uni. 
form. It is subject to fluctuations, whose laws becoiae 
matter of investigation. But to pursue these laws, wo 
require nicer means of observation than what we haTe 
described, and are obliged to call into our aid an instru- 
ment called the transit instrument, especially destined 
for such observations, and to attend minutely to all the 
causes oBirregularity in the going of clocks and watches 
ivhich may affect cur reckoning of time. Thus we be- 
come iavolved by degrees in more and niore delicalp in- 
elrumeutai inquiries ; and we speedily find that, in pro- 
portion as we ascertain the amount and law of (me great 
or leading fluctuation, or inequality, as it is called, of the 
sun's diurnal motion, we bring into view others continu- 
ally smaller and smaller, which were before obscured, or 
mised up with errors of observation and instrumental im- 
perfections. In short, we may not inaptly compare the 
mean length of the solar day to the mean or average 
height of water in a harbour, or the genera! level of tbe 
sea unagitated by tide or waves. The great annual fluc- 
tuation above noticed may be compared to the daily varia- 
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lions of level produced by the tides, which are nothing 
but enormous waves extending over the whole ocean, 
while the sinaller subordinate inequalities may be assi- 
milated ta Waves ordinarily so called, on which, when 
large, we'petceive lesser undulations to ride, and on these 
again, minuter ripplings, to the series of whose subordi- 
nation we can perceive no end. 

(119.) With the causes of these irregularities in the 
solar motion we have no concern at present ; their expla- 
nation belongs to a more advanced part of our subject ; 
but the distinction between the solar and sidereal days, as 
it pervades every part of astronomy, requires to be early 
introduced, and never lost sight of. It is, as already ob- 
served, the mean or average length of the solar day, 
which is used in the civil reckoning of time. It com- 
mences at midnight, but astronomers (at least those of 
this country), even when they use mean solar time, de- 
part from Uie civil reckoning, commencing their day at 
noon, and reckoning the hours from round to 24. 
Thus, 1 1 o'clock in the forenoon of the second of Janu- 
ary, in the civil reckoning of time, corresponds to January 
1 day 23 hours in the astronomical reckoning ; and one 
o'clock in the afternoon of the former, to January 2 days 
1 hour of the latter reckoning. This usage has its ad- 
vantages and disadvantages, but the latter seem to pre- 
ponderate ; and it would be well if, in consequence, it 
could be broken through, and the civil reckoning substi- 
tuted. 

(120.) Both astronomers and civilians, however, who 
inhabit difierent points of the earth's surface, differ from 
each other in their reckoning of time ; as it is obvious 
they must, if we consider that, when it is noon at one 
place, it is midnight at a place diametrically opposite ; 
suiirise at another ; and sunset, again, at a fourth. Hence 
arises considerable inconvenience, especially as respects 
places differing very widely in situation, and which may 
even in some critical cases involve the mistake of a whole 
day. To obviate this inconvenience, there has lately 
been introduced a system of reckoning time by mean so- 
lar days and parts of a day counted from a fixed inatant* 
commQn to all Uie world, and determined by no Ucal eir- 
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cumstance, such as noon or rai3niglit, but by the motion 
of the Him among the stars. Tunc, so reckoned, is called 
equinoctial time, and is numerically the same, at thf same 
tnatant, ia every part of the globe. Ila origin will be ex- 
plained mtiro fully at a more advanced alage of our work. 

(131.) "nine is an essential element in astronomical 
observation, jn a twofold point of view; — lat, As the 
repreBentative of angular motion. The earth's diurnal 
motion being tmiform, every sKir describes its diurnal cir- 
cle uniformly ; and die time elapsing between tlie pas- 
sage of (Jie stars in succession across the meridian of any 
observer becomes, therefore, adirect measure of their dif- 
ferences of right ascension. 3dly, As the fundamental 
element (or, independent variable, lo use the language of 
geometers) in all dynamical theories. The great object of 
astronomy ia the determination of the laws of the celestial 
motions, and their reference to their proximate or remote 
causes. Now, the statement of (he law of any observed 
motion in a celestial object can be no other than a propo- 
sition declaring what has been, is, and will be, the real 
or apparent situation of (hat object a', any time past, pre- 
sent, or future. To compare such laws, therefore, with 
observation, we must possess a register of the observed 
situations of<he object in question, and of the times when 
they were observed. 

(132.) The measurement of lime is performed by 
clocks, chronometers, clepsydraa, and hour-glasses : the 
two former are alone used in modern astronomy. The 
hour-glass is a coarse and rude contrivance for measuring, 
or rather counting out, fixed portions of time, and is en- 
nrely disused. The clepsydra, which measured lime by 
the gradnal emptying of a large vessel of water through a 
determinate orifice, is susceptible of considerable exact- 
nesE, and was the only dependence of astronomera before 
the invention of clocks and watches At present it is 
abandoned, owing to the greater convenience and esact- 
nesa of the latter instruments. In one case only has the 
revival of its use been proposed ; viz. for the accurate 
measurement of very small portions of lime, by the flow- 
ins out of mercury from a small orifice in the bottom of 
^faw el. kept ooiMtantly full to a fixed height. The 
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stream is intercepted at tlio moment of noting any event, 
and directed aside into a leeeiTery into which it continues 
to ron^ till the moment of noting any other event, when 
the intercepting cause is suddeidy removed, the stream 
flows in its original course, and ceases to run into the 
receiver. The weight of mercury leceived, compared 
with the weight received in an interval of time observed 
by the clock, gives the interval between the events ob- 
served. This ingenious and simple method of resolving, 
with all possible precision, a problem which has of late 
been much agitated, is due to Captain Kater. 

(123.) The pendulum clock, however, and the balance 
watch, with those improvements and refinements in its 
structure which constitute it emphatically a chronometer,* 
are the instruments on which the astronomer depends 
for his knowledge of the lapse of time. These instru- 
ments are now brought to such perfection, that an irregu- 
larity in the r€Ue of going, to the extent of a single se- 
cond in twenty-four hours in two consecutive days, is not 
tolerated in one of good character ; so that any interval 
^f time less than twenty-four hours may be certainly 
ascertained within a few tenths of a second, by their use. 
In proportion as intervals are longer, the risk of error, as 
well as the amount of error risked, becomes greater, be- 
cause the accidental errors of many days may accumu- 
late ; and causes producing a slow progressive change in 
the rate of going may subsist unperceived. It is not safe, 
therefore, to trust the determination of time to clocks, or 
watches, for many days in succession, without checking 
them, and ascertaining their errors by reference to natu- 
ral events which we know to happen, day after day, at 
equal intervals. But if this be done, the longest intervals 
may be fixed with the same precision as the shortest ; 
since, in fact, it is then only the times intervening be- 
tween the first and last moments of such long intervals, 
and such of those periodically recurring events adopted 
for our points of reckoning, as occur within twenty-four 
hours respectively of either, that we measure by artifi- 
cial means. The whole days are counted out for us by 
nature ; the fractional parts only, at either end, are \nea- 

♦ X€«"'e», time; /*«T^i.v,to mensure. 




A TKCATlSe ON ASTROKOHT. 



aured by our clocks. To keep the reckoning of the inte- 
ger diivs correci, so thnt none shall be lost or counted 
twi(!e, is the object of the calendar. Chronology marks 
out tbe order of succession of events, and refers them to 
tlieir proper years and days ; while chronometry, ground- 
ing its determinations on the precise observation of encb 
regularly periodical events aa can be conveniently and 
exactly subdiTided, enables us to fix the moments in 
which phenomena occur, with the last degree of preci- 

(12-1.) In the culminalloti, or tranail (i. e. the paft- 
aage across tbe meridian of an observer) of every star in 
the heavens, be ifl furnished with such a regularly pe- 
riodical natural event as we allude to. Accordingly, it is 
to the transits of the brightest and most conveniently 
eitualed £xed Btars that astronomers resort to aecertain 
their exact time, or, which comes to the same thing, to 
determine the exact araotmt of error of their clocks. 

(125.) The instrument with which the culminations of 
celestial objects are observed is called a transit instru- 
ment. It consists of a telescope firmly fastened on a hori- 
zontal axis directed to the east and west points of the 
horizon, or at right angles to the plane of the meridian of 
the place of observation. The extremities of the axis 
are formed into cylindrical pivots of exactly equal diamO^ 
ters, which rest in notches formed in tnetalUe Bftpports, 
bedded (in the case of large inetruments) on strong piers 
of stone, and suBceptible of nice adjuBbnent txy sorewft, 
both in a vertical md horizontal directitm. By the fi» 




mer adjustment, the axis can be rendered precisely hori- 
zontal, by levelling it with a level made to rest on the 
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pivots. By the Utter adjustment the axis is brought pre- 
cisely iato the east and weit direction, the criterion of 
which is furnished by the observations themselves miide 
with the instrument, or by a well-defined object called a 
meridian mark, originally determined by such observa- 
tions, and then, for convenience of ready reference, per- 
manently established, at a great distance, exactly in a 
meridian line passing through the central point of the 
whole instnunent. It is evident, from this description, 
that, if the cental line of the telescope (that which joins 
the centres of its object^lass and eye-gtass, and which 
is called in astronomy its line of collimation) be once well 
adjusted at right angles to the axis of the transit, it will 
never quit the plane of the meridian, when the instrument 
is turned round on its axis. 

(ISO.) In the focus of tlie eye-piece, and at right an- 
gles to the length of the telescope, is placed a system of 
one horizontal and five equidistant vertical threads or 
wires, as represented in tlie annexed figure, which alwavs 
appear in the field of view, when properly illuminated, 




by day by the light of the sky, by night by tlial of a lamp 
tulroduced by a contrivance not necessary here to explain. 
The place of this system of wires may be altered by ad- 
justing screws, giving it alateral (horizontal) motion ; and 
it is by thu means brought to such a position, that the 
middle one of the vertical wires shall intersect fAe/i'ne of 
coiUmaiion of the telescope, where it is arrested and 
permanently fastened. In this situation it is evident 
that the middle thread will be a visible reprcgc illation of 
that portion of the celestial meridian to which the tele- 
scope is pointed ; and when a star is seen to cross tliia 
wire in the telescope, it is in the net of culminating, or 
pasBinc the celestial meridian. The instant of tlda eVeut is 
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noted by the clock or chronometer, which forms an in- 
dispensable accompaniment of the transit instrument. 
For grealfir prei^ion, the moments of its crossing all the 
five verlie^ threads is noted, and a mean taken, which 
(since the threads are equidistant) would giye esaclly thfi 
same result, were all Ihe observations perfecl, and will, 
of course, tend to subdivide and destroy their errors in 
an average of the whole. 

(137.) For the mode of executing the adjiislmenls, 
and allowing for the errors unavoidable in the use of this 
simple and elegant instrument, the reader must consult 
works especially devoted to this department of practical 
astronomy.* We shall here only mention one import- 
ant verification of its correctness, which consists in re- 
veTsing the ends of the axis, or turning it east for west. 
If this be done, and it continue to give the same results, 
and intersect the same point on the meridian mark, we 
may be sure that the line of collimation of the telescope 
is truly at right angles to the axis, and describes stricliy 
a plane, t. e. marks out in the heavens a great circle. In 
good transit observations, an error of two or three tenths 
of 3 second of lime in the moment of a star's culmination 
is the utmost which need be apprehended, exclusive of 
the error of the clock : in other words, a clock may be 
compared with the earth's diurnal motion by a single 
observation, without risk of greater error. By multiply- 
ing observations, of course, a yet greater degree of pre- 
cision may be obtained. 

(128.) The angular intervals measured by means of 
the transit instrument and clock are arcs of the equinoc- 
tial, intercepted between circles of declination passing 
through the objects observed ; and their raeasureraent, 
in this case, is performed by no artificial graduation of 
circles, but by tlie help of the earth's diurnal motion, 
which carries equal area of the equinoctial across the 
meridian, in equal times, at the rale of 15° per sidereal 
hour. In all other cases, when we would measure an- 
gular intervals, it is necessary to have recourse to cir- 
cles, or portions of circles, constructed of metal or other 

• Seo Df. PoBTBin'a TraaliHB on Practical AitroooniF. Also Bianchi 
Sopn Id SlromenlD de' Pasragi. Ephem, di Milaao, 1SS4. 
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firm and durable material, and mecb^ically subdivided 
into equal parts, such as degrees, minutes, &c. Let 
A BOD be such a circle, divided into 360 degrees (nimi- 
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bered in order from any point 0® in the circumference, 
round to the same point again), and connected with its 
centre by spokes or rays, xyz, firmly united to its cir- 
cumference or limb. At the centre let a circular hole be 
pierced, in which shall move a pivot exactly fitting it, 
carrying a tube, whose axis, ab, is exactly parallel to 
the plane of the circle, or perpendicular to the pivot ; and 
also the two arms m n, at right angles to it, and forming 
one piece with the tube and the axis ; so that the motion 
of the axis on the centre shall carry the tube and arms 
smoothly round the circle, to be arrested and fixed at any 
point we please, by a contrivance called a clamp. Sup- 
pose, now, we would measure the angular interval be- 
tween two fixed objects, ST. The plane of the circle 
must first be adjusted so as to pass through them both. 
This done, let the axis ab of the tube be directed to 
one of them, S, and clamped. Then will a mark on the 
arm m point either exactly to some one of the divisions 
on the limb, or between two of them adjacent. In the 
former case, the division must be noted, as the reading 
of the arm m. In the latter, the fractional part of one 
whole interval between the consecutive divisions by 
which the mark on m surpasses the last inferior division 
must be estimated or measured by some mechanical or 
optical means. (See art. 130.) The division and frac- 
tional part thus noted, and reduced into deffrees, minutes, 
and seconds, is to be set down as the reading of the limb 
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correaponding to that poailion of the tulie ab,wheTe it 
points to the object S. The same must ihea be done for 
the object T; the tube pointed to it, and the limb " rrad 
off." It is manifest, then, that, if tlie lesaer of tliese 
readings be subtracted from the greater, their difference 
wiE be the angular interval between S and T, aa seen 
from the centre of the circle, at whatever point of the 
limb the commencement of the graduations on the point 
0° be situated. 

(129.) The very aame result will be obtained, if, in- 
stead of making the tube moveable upon the circle, we 
connect it invariably with the latter, and make both re- 
volve together on an axis concentric with the circle, and 
forming one piece with it, working' in a hollow formed 
to receive and fit it in some fixed support. Such a com- 
bination is represented in section in the annexed sketch. 
T is the tube or sight, fastened, ^tpp, on the circle AB, 




whose axis, D, works in the solid metallic cenlring E, 
from which originates an arm, P, carrying at its cx- 
Iremity an index, or other proper mart, to point out and 
read off the exact division of the circle at B, the point 
close to it. Ft is evident that, as the telescope and circle 
revolve through any angle, the part of the limb of the 
latter, which by such revolution is carried past the index 
F, will measure the angle described, Tliis is the most 
usual mode of applying divided circles in astronomy. 

(130.) The index F may either be a simple pointer, 
like a clock hand (Jig. o) ; or a vernier (fig. !>) ; or. 
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bally, a compound microscope (Jig. c), represented in 
section (in fig. d)^ and furnished with a cross in the 
common focus, of its object and eye-glass, moveable by 
m fine threaded screw, by which the intersection of the 
isrofls may be brought to exact coincidence with the 
image of Uie nearest of the divisions of the circle ; and by 
the turns and parts of a turn of the screw required for this 
purpose the distance of that division from the original 
or aero point of the microscope may be estimated. This 
simple but delicate contrivance gives to the reading off 
of a circle a degree of accuracy only limited by the power 
of the microscope, and the perfection with which a screw 
can be executed, and places the subdivision of angles on 
Che same footing of optical certainty which is introduced 
into their measurement by the use of the telescope. 

(131.) The exactness of the result thus obtained must 
depend, 1st, on the precision with which the tube a b 
can be pointed to the objects ; 2dly, pn the accuracy of 
graduation of the limb ; 3dly, on the accuracy with 
which the subdivision of the intervals between any two 
consecutive graduations can be accomplished. The 
mode of accomplishing the latter object with any re- 
quired exactness has been explained in the last article. 
With regard to the graduation of the limb, being merely 
of a mechanical nature, we shall pass it without remark, 
further than this, that, in the present state of instrument 
making, the amount of error from this source of inaccu- 
racy is reduced within very narrow limits indeed. With 
regard to the first, it must be obvious that, if the sights 
a 6 be notiiing more than what they are represented in 
the figure (art. 128), simple crosses or pin-holes at the 
ends of a hollow tube, or an eye-hole at one end, and a 
cross at the other, no greater nicety in pointing can be 
expected than what simple vision with the naked eye 
can command. But if, in place of these simple 1;^ut 
coarse contrivances, the tube itself be converted into a 
telescope^ having an object-glass at 6, and an eye-piece 
at a ; and if the motion of the tube on the limb of the 
circle be arrested when the object is brought just into 
the centre of the field of view, it is evident that a greater 
degree of exactness may be attained in the pointing of 
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the tube lliaa by tlie unassisted eye, in proportion to the 
minifying power and disiiiietiiees of the leleacope used. 
The last attainable degree of exactnesa is secured by 
Btretching in the common focus of the object and ey»- 
glasses two delicate fibres, such aa fine hairs or spi&r- 
lines, interaecting each other at right angles in the centre 
of the field of view. Their poinla of intersection afford 
a permanent mark with which the image of the ot^ect 
can be brought to exact coincidence by a proper degree 
of caution (aided by mechanical contrivances), in bringing 
the telescope to its final situation on the limb of the circle, 
and retaining it there till the "reading ofi"" is finished. 
(132.) This application of the telescope may be con- 
sidered as completely aimihilating that part of the error 
of observation which might otherwise arise from errone' 
ous estimation of the direction in which an object lies 
from, the observer's eye, or from the centre of the in- 
strument. It is, jj) fact, the grand source of all the pre- 
cision of modem astronomy, without which all other re- 
finements in instrumental workmanship would be thrown 
away; the errors capable of being committed in point- 
ing to an object, without wch assistance, being far greater 
than what could arise from any but the very coarsest 
graduation.* In fact, the telescope tliua applied becomes, 

* The bmour of Ihii cg)Mtal LniproTeinEnt has boen >ucceBsriilly vin- 
diCHiGi] by Dcrhoni [PliiL Trans, iii. 61)3) lo our youi>g, Ulpiiied, and 
unfonunale country nisn OOBCoinio, from hid cormpnndonce wiTh Cmb- 
treo ond tlorrockes. in his (Deraam'f] pooemion. Tho posBogoa cited 
W Derham from Iheso leller^ leava no doiibl Ihat, so early iia 1640, 
Gaacoigne had appbed lalescopM lo his c]uadmnls ond BoilanW, vnlA 
lireadi in the comnumliicai of iktglatKi ; and had even nan-led the in- 
vention so far Bx Id illnniinaie ihe Raid of view by ariificial light, wbich 
^ found " V£ry htipfiti loA^n tlie noon appeareth not, or itia not otAenifiae 
Ughr tniugh." These inventiDnB ivera freely eommunicalcd hy him B> 
Cnbtree, and through him to his JHend Ilarrocliea, the pride and boaal 
of BritiBh Battonomy; boih of whom eiprened their tinboundBd admira- 
lion of Ihia and many oiher of hia delicate and admirohle improvemenli 
in tbe art of observation, Gaacoigne, however, periqhmt at the age of 
twenly-tbree at the baide of Mantoa Muu; and the premature and 
sudden death of Horrockcs, el B yet earlier age, will acniunl tor the 
lempomry oblivion of the invention. Il sras revived, or re-invctiled. in 
1667, by Pieatd and Auiout (LolandB, Annm, 3310), uflet which iti me 
became univeraal, Morin, even earlier than Gaacotgne (in \635), Ind 
piD)ias»I m lubstiUile the telescopa fiir plain Bights ; but it it the thread 
DT wire Btretched in the Focub with which the image of a star can ba 
brought tu eTitcL eoincidenre, which gives the telescope its advantage in 
liractice ; and tbe ides of Ibis doea aoi uiem lo have occurted to Aurin 
'See Lalomle, uU tirpn.) 
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- 4with respect to angular, what the microscope is with 
IMpect to linear dimension. By concentrating attention 

't^iA its smallest points, and magnifying into palpable in- 
v J l li if a ls the minutest differences, it enables us not only tc 

- -iHShitinize the form and structure of the objects to which 
' it is pointed, but to refer their apparent places, with all 

imt geometrical precision, to the parts of any scale with 
/'which we propose to compare them. 

(133.) The simplest mode in which the measurement 
of an angular interval can be executed, is what we have 
JQst described ; but, in strictness, this mode is applicable 
oiily to terrestrial angles, such as those occupied on the 
sensible horizon by the objects which surround our sta- 
tion,— because these only remain stationary during the 
interval while the telescope is shifted on the limb from 
one object to the other. But the diurnal motion of the 
heavens, by destroying this essential condition, renders 
the direct measurement of angular cbstance from object 
to object by this means impossible. The same objection, 
however, does not apply if we seek only to determine 
the interval between the diurnal circles described by any 
two celestial objects. Suppose every star, in its diurnal 
revolution, were to leave behind it a visible trace in the 
heavens,— a fine line of light, for instance, — ^then a teles- 
cope once pointed to a star, so as to have its image 
brought to coincidence with the intersection of the wires, 
would constantly remain pointed to some portion or other 
of this line, which would therefore continue to appear 
in its field as a luminous line, permanently intersecting 
thd same point, till the star came round again. From 
one such line to another the telescope might be shifted, 
at leisure, without error ; and then the angular interval 
between the two diurnal circles, in the plane of the tele- 
icope^s rotation, might be measured. Now, though we 
cannot see the path of a star in the heavens, we can wait 
till the star itseJf crosses the field of view, and seize the 
moment of its passage to place the intersection of its 
wires so that the star shall traverse it ; by whiob» when 
the telescope is well clamped, we equally well secure the 
position of^ its diurnal circle as if we continiied to see it 
efVer so long. Th6 feadine off o£ thq limk maj tbeii b6 
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performed at leisure ; and when another slar eoftes 
round into the plane of the circle, we may uni'lamp -the 
telcBCope, and a similar obaervation will enable us to k»- 
sign ihe place of ila diurnal circle on the limb : and As 
observations may be repealed alternately, every day, ^ ' 
the stars pass, tiU we are satisfied with their result. 

(134.) This is the principle of the mural circle, which' 
is nothing more than auch a circle as we have describedl 
in art. 129, firmly eupported, in the plane of the merf-' 
dian, on a long and powerful horizontal axis. This axia 
is let into a^iassive pier, or wall, of stone (whence the ' 
name of the instrument), and ao secured by acrewa as.to 
be capable of adjustment both in a vertical and horizon- 
tal direction ; so that, like the axis of the transit, it can 
be maintained in the exact direction of the east and west 
points of the horizon, the plane of the circle being con- 
sequently truly meridional. 

(I3S.] The meridian, being at right angles to all the 
diurual circles described by the stars, its arc intercepted 
between any two of them will measure the least tiistance 
between these circles, and will be equal to the diflerence 
of the deciinaiionB, as also to the difference of the merir 
dian altitudes of the objects — at least when corrected 
for refraction, Theae differences, then, are the angular 
intervals directly measured by the mural circle. But 
from these, supposing the law of refraction known, it is 
easy to conclude, not their differences only, but the "• 
quantities themselves, as we shall now explain. 

(136.) The declination of a heavenly body is the com- 
plement of its distance from the pole. The pole, being 
a psint in the meridian, might be directly observed on the 
limb of the circle, if any star stood exactly therein ; and 
thence the polar distances, and of course, the declina- 
tions of all the rest, might be at once determined. But 
this not being the case, a bright star as near the pole as 
can be found is selected, and observed in its upper and 
lower culminations ; that is, when it passes the meridian 
above and below the pole. Now, as its diatance from 
the pole remains the same, the difference of reading off 
the circle in the two cases is, of course {when corrected 
Cdt refrBctJoa)t «i^ub1 to 'wic« the folar distance oUtke 
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^ ftiTi • Ae arc intercepted on the limb of the circle being, 
' "• p c^e, equal to the angular diameter of the starts 
aal circle. In the annexed diagram, HPO represents 
-.celestial meridian, P the pole, BR, AQ, CD, the di- 
ed circles of stars which arrive on the meridian — at 
and C in their upper, and at RQD in their lower cul- 
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minations, of which D happens above the horizon HO. 
P is the pole ; and if we suppose hp o to be the mural 
circle,^ having S for its centre, b acp d will be the points 
on its circumference corresponding to BACPD in the 
heavens. Now, the arcs b a,bc,b d, and c c? are given 
immediately by observation ; and since CP=PD, we 
have also cp^^p rf, and each of them =icd, consequently 
the place of the polar point, as it is called, upon the limb 
of Ae circle becomes known, and the arcs p b,p a, p c, 
which represent on the circle the polar distances re- 
quired become abo known. 

(137.) The situation of the pole star, which is a very 
biiHiant one, is eminently favourable for this purpose, 
being only about a degree and a half from the pole ; it 
is, therefore, the star usually and almost solely chosen 
for this important purpose ; the more especially because, 
both its culminations taking place at great and not very 
different altitudes, the refractions by which they are 
affected are of small amount, and differ but slightly from 
each other, so that their correction is easily and safely 
applied. The brightness of the pole start too, allows 
it to be easily obserred in the daytin||i J||^ consequence 
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of these peculiarilips, this star is one of constant resort 
with astronomers for the adjustment and verificaiion of 
insirnmentH of almost every description. In the case of 
the transit, for example, it furnishes a ready meanfl tit 
aBcerlaining whether the plane of the telescope's molioti 
is coincident with the meridian. For since this Ialt«r 
plane bisects its diurnal circle, the eastern and western 
portion of it require equal limes for their description-. 
Let, therefore, the momenta of its transit above and be- 
low the pole be noted ; and if they are found to follow 
at equal intervals of 12 sidereal hours, we may conclude 
with certainty that the plane of the telescope's motion is 
meridional, or the position of its horizontal axis exactly 
east and west. But if it pass from one to the other ap- 
parent culmination in unequal intervals of time, it is 
equally cerl»n that an extra-meridional error must exist, 
tlie deviation lying towards that side on which the least 
interval is occupied. And the axis must be moved in 
azimuth accordingly, till the difference in question diR 
appears on repeating the observations. 

(138.) The place of the polar point on the limb of 
the mural circle once determined, becomes an origin, or 
zero point, from which the polar distances of all objects, 
referred (o other points on the same lines, reckon. It 
matters not whether the actual commencement 0° of the 
graduations stand there, or not ; since it is only by 
the difference of the readings that the arcs on the 
limb are determined ; and hence a great advantage is 
obtained in the power of commencing anew a fresh series 
of observations, in which a different part of tlie circum- 
ference of the circle shall be employed, and different 
graduations brought into use, by which inequalities of 
division may be detected and neutralized. This is ac- 
complished practically by detaching the telescope from 
its old bearings on the circle, and fixing it afresh on a 
different part of the circumference. 

(139 ) A point on the limb of the mnral circle, not 
less important than tlie polar point, is the korixonlal 
point, which, being once known, becnmes in like man- 
ner an origin, or zero point, from which altitudes are 
reckoned. 'JJie principle of its determination is ultfe 
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mately nearly the same with that of the polar poinb 

As no star exists in the celestial horizon, the observer 
must seek to determine two points on the limb, the one 

. of which shall be precisely as far below the horizontal. 

point as the other is above it. For this purpose, a stiur 
is observed at its culmination on one night, by pointing 
the telescope directly to it,' and the next, by pointing to 
the image of the same star reflected in the still, unruffled 
surface of a fluid at perfect rest. Mercury, as the most 
reflective fluid known, is generally chosen for that use 
As the surface of a fluid at rest is necessarily horizontal, 
and as the angle of reflection, by the laws of optics, is 

. equal to that of incidence, this image will be just as 
much depressed below the horizon, as the star itself is 
elevated above it (allowing for the diflerence of refrac- 
tion at the moments of observation). The arc inter- 
cepted on the limb of the circle between the star and its 
reflective image thus consecutively observed, when cor- 
rected for refraction, is the double altitude of the star, 
and its point of bisection the horizontal point. The re- 
flecting surface of a fluid so used for the determination 
of the altitudes of objects is called an artificial horizon. 
(140.) The mural circle is, in fact, at the same time, a 
transit instrument ; and, if furnished with a proper sys- 
tem of vertical wires in the focus of its telescope, may 
be used as such. As the axis, however, is only support- 
ed at one end, it has not the strength and permanence ne- 
cessary for the more delicate purposes of a transit ; nor 
can it be verified, as a transit may, by the reversal of the 
two ends of its axis, east for west. Nothing, however, 
prevents a divided circle being permanently fastened on 
the axis of a transit instrument, near to one of its extre- 
mities, so as to revolve with it, the reading off" being per- 
formed by a microscope fixed on one of its piers. Such 
an instrument is called a transit circle, or a meridian 
CIRCLE, and iierves for the simultaneous determination of 
the right ascensions and polar distances of objects ob- 
served with it ; the time of transit being noted by the clock, 
and the circle being read ofl" by the lateral microscope. 

(141.) The determination of the horizontal point on 
the limb of an instrument is of such essential importance 
in^astronomy, that the student should be made acquaint- 
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ed villi every means employed for this purpose. These 
■n the artificial horizon, the plumb-line, thf level, and the 
floating- collimator. The artificial horizon has been al- 
ready explained. The plumb-line is a fine thread or wire, 
la which is suepeaded a weight, whose oscillations are 
impeded aad quickly reduced to rest by plimging il in 
water. The direction uJtimotely assumed by such aline, 
admitting its perfect flexibility, is that of gravity, ot per- 
pendicular to the surface of still water. Its application 
to the purposes of astronomy is, however, so delicate, »rid 
difficml, and liable to error, unless extraordinary prt >ua- 
tious are taken in its use, that it is at present almost dni- 
versally abandoned, for the more convenient and equally 
exact iastniment the level. 

{143.) The level is nothing more than a glass tube 
nearly filled with a liquid (spirit of wine being that now 
generally used, on account of its extreme mobility, and 
not being liable to freeze}, the bubble in which, when the 




tube is placed horizontally, would rest indifferently in any 
part if the tube could be mathematically straight. But 
that being imposaibie to execute, and every tube having 
some slight curvature, if the convex side be placed up- 
wards, the bubble will occupy the higher part, as in the 
figure (where the curvature is purposely esaggeraled). 
Suppose such a tube as AB firmly fastened on a. straight 
bar, CD, and marked at a b, two points distant by the 
length of the bubble; then, if the instrument be so placed 
ftat the bubble shall occupy this interval, it is dear that 
CD can have no other than one definite inclination to the 
horizon ; because, were it ever so little moved one way 
or other, the bubble would shift its piace, and run towards 
the elevated side. Suppose, now, that we would ascer- 
tain whether any given line PQ be horizontal ; let the 
base of the level CD be set upon it, and note llie poinlB 



CBAT, II.] OF THE tEVEL. . 1f$ 

a bf between which the bubble is exactly contained^ fheft 
tarn the level end for end, so that O fihall rest on Q» «nd 
D on P. If then the bubble continue to occupy the same 
place between a and 6, it is evident that PQ can be «!' 
otherwise than horizontal. If not, the side towarci/s whnb' 
the bubble runs is highest, and must be lowered. Astro- 
nomical levels are furnished with a divided scale, b^ 
which the places of the ends of the bubble can be nicely 
marked ; and it is said that they can be executed' itith 
such delicacy, as to indicate a single second of aijgular 
deviation from exact horizontality. 

(143.) The mode in which a level may be applied to 
find the horizontal point on the Umb of a vertical divided 
circle may be thus explained : Let AB be a telescope 
firmly fixed to such a circle, DEF, and moveable in one 




with it on a horizontal axis C, which must be like that of 
a transit, susceptible of reversal (see art. 127), and with 
which the circle is inseparably connected. Direct the 
telescope on some distant well-defined object S, and bi- 
sect it by its horizontal wire, and in this position clamp 

I.. ■ it fast. Let L foe a level fastened at right angles to an 
arm, LEF, furnished with a microscope, or vernier at P, 
and, if we please, another at E. Let this arm be fitted by 
• grinding on the axis C, but capable of moving smoothly 
on it without carrying it round, and also of being clamped 
fiiat on it, so as to prevent it from moving until required. 

- ', ^Hdle the telescope is ]^ept fixed on the obiect S, let the 
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level be set so m to bring its bubble in the marks a b, and 
clamp it there. Then will the arm LCF have some cer- 
tain determinate inclination (no matter what) to the hori- 
Vjgh la this position let ihc circle be read off at F, aaA 
jftiffi let the whole apparatus he reiiersed by turning ils 
horizdntal axja end for end, without vnclamping the level 
arm from the axis. This done, by the motion of the 
whole instrument (level and jJl) on its axis, restore the 
level to its horizontal position with the bubble at a b. 
Then ve^re sure that tlic telescope has now the same 
iuclio&liaii to the horizon Ihe other way, tliat it had when 
painted to S, and the reading off at F will not have been 
changed. Mow, unciamp the level, and, keeping it nearly 
horizontal, turn round the circle on the axis, so as to car- 
ry back, the telescope through the zenith to B, and in 
that position clamp tlie circle and telescope fast. Then if 
is evident that an angle equal to twice the zenith distance 
of S has been moved over by the axis of the telescope 
from its last position. Lastly, without uuclamping the 
telescope and circle, let the level b? once more rectified. 
Then will the arm LEF once more assume the same de- 
finite position with respect to the horizon ; wid, conse- 
quently, if the circle he again read off, the difference be- 
tween this and ihe previous rending must measure the 
arc of its circumference which has passed under the 
point F, which may be considered as having all the 
while retained an invariable position. This difference, 
tlien, will be the double zenith distance of S, and its half 
the zenitli distance simply, the complement of which is 
ila altitude. Thus the altitude corresponding to a given 
reading of the limb becomes known, or, in other words, 
the horizontal point on the limb is ascertained. Circuit- 
ous as this process may appear, there is no other mode 
of employing the levql for this purpose which does not 
in the end come to the same tiling. Most commonly, 
however, the level is used as a mere Jidueial reference, 
to preserve a horizontal point once well determined, by 
other means, which is done by adjuslingit so as to stand 
level when the telescope is truly horizontal, and thus 
leaving it depending on the permanence of its adjustment. 
(U4,) The last, but probably not the least exact. 
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certainly is, in innumerable cases, the most convenient 
means of ascertaining the horizontal point, is that af- 
forded by the floating collimator, a recent invention of 
Captain Kater. This elegant instrument is nothing if 

ihaii a small telescope furnished with a cross-wire ii 

foQus, and fastened horizontally, or as nearly so as may 
be, on a flat iron Jloat, which is made to swim on mer- 
cury, and which, of course, will, when left to itself, as- 
sume always one and the same invariable inclination to 
tbe horizon. If the cross- wires of the collimator be- illu- 




minated by a lamp, being in the focus of its object-glass, 
the rays from them will issue parallel, and will therefore 
be in a fit state to be brought to a focus by the object- 
glass of any other telescope, in which they will form an 
image as if they came from a celestial object in their di- 
rection, i. e. at an altitude equal to their inclination. 
Thus the intersection of the cross of the collimator may 
be observed as if it were a star, and that, however near 
the two telescopes are to each other. By transferring then, 
the collimator still floating on a vessel of mercury from 
the one side to the other of a circle, we are furnished with 
two quasi-celestial objects, at precisely equal altitudes, 
on opposite sides of the centre ; and if these be observed 
in succession with the telescope of the circle, bringing its 
cross to bisect the image of the cross of the collimator (for 
which end the wires of the the latter cross 
are purposely set 45° inclined to the hori- 
zon) the difference of the readings on its limb 
^ill be twice the zenith distance of either ; 
whence, as in the last article, the horizontal 
or zenith point is immediately determined,* 

. * Another, and, in many respects, preferable form of the floating colli- 

«r, in wluch the telescope is ver/tco/, and whereby the zenith point is 
itly ascertained, is described in the Phil. Trans. 1828, p. 257 bv the 

%Mlie author. 

K. 
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(145.) The transit and mural circle arc essentially me- 
ridian insLraments, being used only to observe the stars 
at the moment of their meridian passage. Independent 
o/lhia being the most favourable moment for seeing Ihem, 
It is that in which their diumal motion is parallel lo the 
Jiorizon. It is therefore easier at this time than it could 
be at any other, to place the telescope exactly in their 
true direction; since their apparent course in the field of 
jiew being parallel to the horizontal thread of the Byalem 
of wires therein, they may, by giving a fine motion to 
the telescope, be brought to esact coincidence with it, 
and time may be allowed to examine and correct this co- 
incidence, if not at first accurately hit, which is the cass 
in no other situation. Generally speaking, all angular 
magnitudes, which it is of importance to ascertain ex- 
actly, should, if possible, be observed at their maxima oi 
minima of increase or diminution ; because at these 
points they remain not perceptibly changed during a time 
long enough to complete, and even, in many cases, to re- 
peat and verify our observations in a careful and leisurely 
manner. The angle which, in the case before us, is in 
this predicament, ia the altitude of the star, which attains 
its maximum or minimum on the meridian, and which is 
mea.'^ured on the limb of the mural circle. 

(146.) The purposes of astronomy, however, require 
that an observer should possess the means of observing 
any object not directly on the meridian, but at any point 
of its diurnal course, or wherever it may present iiaelf 
in the heavens. Now, a point in the sphere is determined 
by reference to two great circles at right angles to each 
other ; or of two circles one of which passes through the 
pole of the other. These, in the language of geometry, , 
are co-ordinates by which its situation is ascertained : 
for instance, — on the earth, a place is known if we know 
its longitude and latitude ; — in the starry heavens, if we '-401^ 
know its right ascension and declination j — in the visible ^^ 
hemisphere, if we know its azimuth And ritltude, &c. 

(147.) To observe an object at any point of its diumal 
course, we must possess the means of directing a tele- 
scope lo it ; which, therefore, must be capable of mi ' . 
in two planes al rig!il angles lo each other; and 
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amount of its angular motion in each must be measured 
on two circles co-ordinate to each other, whose planes 
must be parallel to those in which the telescope moves. 
The practical accomplishment of this condition is effect- 
ed by making the axis of one of the circles penetrate that 
of the other at right angles. The pierced wxis turns on 
fixed supports, while the other has no connexion with 
any external support, but is sustained entirely by that 
which it penetrates, which is strengthened and enlarged 
at the point of penetration to receive it. The annexed 
figure exhibits the simplest form of such % combination, 
though by no means the best in point of mechanism. 
The two circles are read off hy verniers, or microscopes ; 
the one attached to the fixed support which carries the 
principal axis, the other to an arm projecting from that 
axis. Both circles also are susceptible of being clamped, 
the clamps being attached to the same ultimate bearing 
with which the apparatus for reading off is connected. 

(148.) It is manifest that such a combination, however 
its principal axis be pointed (provided that its direction 
be invariable), will enable us to ascertain the situation of 

any object with respect to 
the observer's station, by 
angles reckoned upon two 
great circles in the visible 
hemisphere, one of which 
has for its poles the pro- 
longations of the principal 
axis or the vanishing points 
of a system of lines parallel 
to it, and the other passes 
always through these poles ; 
for the former great circle 
is the vanishing line of all 
planes parallel to the circle 
AB, while the latter, in any 
position of the instrument, 
is the vanishing line of all 
the planes parallel to the 
, circle GH ; and these two planes being, by the constnio- 
!^on of the instrument, at right angles, the great circles, 
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whicli are their vaniahing lines, rauat be so loo. Now, 
if two great circleB of a sphere be at right angles lo each 
otiier, the one will always pass through the other's 
poles. 

(149.) There are, iioweTcr, but two positions in which 
soch an apparatus can be mounted so aa to bo of any 
practieal utility in aatroiiomy. The first is, when the 
principal axis CD is parallel lo the earth's axis, and 
therefore poinfs to the poles of the heavens which are the 
vanishing points of all lines in his system of parallels : 
and when, of course, the plane of the circle AB is paral- 
lel to the earth's equator, and therefore, lias the equi- 
noctial for its vanishing' circle, and measures, by its area 
read off, hour angles, or differences of right ascension. 
In this case, the great circles in (he heavens, correspond- 
ing to the various poaitionst which ihe circle GH can be 
made to assume, by the rotation of the instrument round 
its axis CD, are all hour-circles : and the arcs read off 
on this circle wiU be declinations, or polar distances, or 
their differences, 

(160,) In this position the apparatus assumes the name 
of an equatorial, or, as it was formerly called, a paTallactic 
instrument. It ia one of the most convenient instruments 
for all Buch observations as require an object lo be kepi 
long in view, because, being once set upon the object, 
it can be followed as long as we please by a single motion, 
i. e. by merely turning the whole apparatus round on its 
polar axis. For since, when the telescope is set on a 
star, the angle between its direction and that of the polar 
axis is equal to the polar distance of the star, it follows, 
thai when turned about its axis, without altering the posi- 
tion of the telescope on the circle GH, the point to which 
it IB directed will always lie in the small circle of the 
heavens coincident with the star's diurnal path. In many 
observations this is an inestimable advantage, and one 
which belongs to no other inslrument. The equatorial 
is also used for determining the place of an unknown by 
comparison with that of a known object, in a manner lj> 
be described in the fourth chapter. The adjustments of 
the equatorial are somewhat complicated and difficult. 
They are best perl'onned by following the pole-siir round 
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the entire diurnal circle, and by observing, at proper in- 
tervals, other considerable stars whose places are well 
ascertained.* 

(161.) The other position in which such a compound 
apparatus as we have described in art. 147 may be advan- 
tageously mounted, is that in which the principal axis 
occupies a vertical position, and the one circle, AB, con- 
sequently cdrresponds to the celestial horizon, and the 
other, GA, to a vertical circle of the heavens. The an- 
gles measured on the former are therefore azimuths, or 
differences of azimuth, and those on the latter zenith dis- 
tances, or altitudes, according as the graduation com- 
mences from the upper point of it«».limb, or from one 90° 
distant from it. It is therefore known by the name of 
an azimuth and altitude instniment. The vertical posi- 
tion of its principal axis is secured either by a plumb- 
line suspended from the uppipr end, which, however it 
be turned round, should continue always to intersect one 
and the same fiducial mark near its lower extremity, or 
by a level fixed directly across it, whose bubble ought 
not to shift its place, on moving the instrument in azi- 
muth. The north or south point on the horizontal cir- 
cle IS ascertained by bringing the vertical circle to coin- 
cide with the plane of the meridian, by the same criterion 
by which the azimuthal adjustment of the transit is per- 
formed (art. 137), and noting, in this position, the read- 
ing off of the lower circle, or by the following process. 

(152.) Let a bright star be observed at a considerable 

distance to the east of the meridian, by bringing it on 

the cross wires of the telescope. In this position let the 

horizontal circle be read off, and the telescope securely 

clamped on the vertical one. When the star has passed 

the meridian, and is in. the descending point of its daily 

course, let it be followed by moving the whole instrument 

round to the west, without, however, unclamping the 

telescope, until it comes into the field of view ; and, until, 

by continuing the horizontal motion, the star, and the 

cross of the wires come once more to coincide. In this 

position it is evident the star must have the same precise 

*See Littrowonthe Adjustment of the Equatorial.— >Jllinn. Aslrcn, Soa 
voI.iL p. 45 
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alUtade ahcnt the weatem horizon, that it had at the mo- 
ment of ilie first observation above the eastern. At thia 
point let the motion be arrested, and the horizontal circle 
be again read off. The difference of the readings will be 
the azimuthal arc described in the interval. Now, it is 
evident that when the allitudea of any star are equal on 
either aide of the meridian, ita aximutlts, whether reckon- 
ed both from the north or both from the south point of the 
horizon, must also be equal, — conaequently the north or 
south point of the horizon must bisect the azimuthal arc 
thus determined, and will therefore become known. 

(193.) This method of determining the north and 
south points of a horiaontal circle fby which, when 
known, we may draw a meridian line) ia called the 
" method of equal altitudes," and ia of great and constant 
uae in practical astronomy. If we note, at the momenta 
of the two observations, the lime, by a clock or chrono- 
meter, the instant halfway between them will be the 
moment of the star's meridian passage, which may thus 
be determined without a. transit ; and, vice versa, the 
error of a clock or chronometer may by this process be 
discovered. For this last purpose, it is not necessary 
that our jnslniraenl should be provided with a horizontal 
circle at all. Any means hy which alliiudes can be mea- 
sured will enable us to determine the momenta when the 
same atar arrives at equal altitudes in the eastern and 
western halves of its diurjial course ; and, these once 
known, the instant of meridian passage and tbe error of 
the clock become also known 

(154.) One of the chief purposes to which the altitude 
and azimuth circle is applica!)le is the investigation of 
the amount and laws of refraction. For, by following 
with it a circumpolar star which passes the zenith, and 
another which grazea the horizon, through their whole 
diurnal course, the esact apparent form of their diumal 
orbita, or the ovala into which their circles are distorted 
by refraction, can be traced ; and their deviation from 
circles, being al every moment given by the nature of 
the observation in the direclion in which the refraction 
itself lakes place (i. e. in altitude), is made.«..JBMter ai 
direct obaerration. ~" 
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(155.) The zenith sector and the theodolite are pecu- 
«iar modifications of the altitude and azimuth instrument. 
The former is adapted for the very exact observation of 
stars in or near the zenith, by giving a great length to 
the vertical axis, and suppressing all the circumference of 
the vertical circl'*, except a few degrees of its lower 
part, by which a great length of radius, and a consequent 
proportional enlargement of the divisions of its arc, is 
obtained. The latter is especially devoted to the mea- 
aure of horizontal angles between terrestrial objects, in 
which the telescope never requires to be elevated more 
than a few degrees, and in which, therefore, the vertical 
circle is either dispensed with, or executed on a smaller 
scale, and with less delicacy ; while, on the other hand, 
great caffe is bestowed on securing the exact perpendicu- 
larity of the plane of the telescope's motion, by resting 
its horizontal axis on two supports like the piers of a 
transit-instrument, while themselves are firmly bedded on 
the spokes of the horizontal circle, and turn with it. 

(156.) The last instrument we shall describe is one 
by whose aid the direct angular distance of any two ob- 
jects may be measured, or the altitude of a single one 
determined, either by measuring its distance from the 
visible horizon (such as the sea-offing, allowing for its 
dip), or from its own reflection on the surface of mercury. 
It is the sextant, or quadrant, commonly called Hadley^s, 
from its reputed inventor, though the priority of invention 
belongs undoubtedly to Newton, whose claims to the 
gratitude of the navigator are thus doubled, by his having 
famished at once the only theory by which his vessel 
can be securely guided, and the only instrument which 
has ever been found to avail, in applying that theory to 
its nautical uses.* 

(157.) The principle of this instrument is the optical 
property of reflected rays, thus announced : — ** The 

• Newton communicated it to Dr. Halley, who suppressed it. Tbe 
deacriptioQ of the instrument was found, after the death of Halley, 
among kit pnersi in Newton's own handwriting, by his executor, who 
oommiiaii|0riha papers to the Royal Society, twenty-five y^ars after 
.NewtanU^Sjtft^.wi^ eleven after the publication of tiadley's invention, 
which n^pf^Kand probably was, independent of any knowledge o£ 
Newton%k tmii4tLfB.uttoa insinuateB the contrary. 
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angle between the finst and last dircctittis of a ray which 
has sufiefcd two reflections in one plane is equal to twice 
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the inclination of the reflecting surfaces to each other.** 
Let AB be the limb, or graduated arc, of a poition of a 
circle 60° in extent, but divided into 120 equal parts. 
On the radius OB let a silvered plane glass D be -fixedy 
at right angles to the plane of the circle, and on the 
moveable rs^lius OE let another such silvered glass, O, 
b^ fixed. The glass D is permanently fixed parallel to 
AO, and only one half of it is silvered, the other half 
allowing objects to be seen through it. The glass is 
wholly silvered, and its plane is parallel to the length 
of the moveable radiys 0£, at the extremity E, of which 
a vernier is placed to read off the divisions of the limb. 
On the radius AO is set a telescope F, through which 
any object, Q, may be seen by direct rays which pass 
through the unsilvered portion of the glass D, while 
another object, P, is seen through the same telescope 
by rays, which, after reflection at 0, have been thrown 
upon the silvered part of D, and are thence directed by 
a second reflection into the telescope. The two images 
JO formed will both be seen in the field of view at once, 
end by moving the radiv* CE will (if the reflectors be 
truly perpendicular to the plane of the circle) meet and 
pass over, without obliterating each other. The motion, 
however, is arrested when they meet, and at this point 
the angle included between the direction OP of one 
object, and FQ of the other, is twice the angle EOB in- 
cluded between the fixed and moveable radii OB, OE. 
Now the graduations of the limb being pupoeely made 
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only bsilf as distaiftt as would correspond to degrees, the 
arc BE, when read off, as if the graduations were whole 
degrees, will, in fact, read double its real amount, and 
therefore the numbers to read off will express not the 
angle ECB, but its double, the angle subtended by the 
objects. 

(158.) To determine the exact distances between the 
stars by direct observation is comparatively of little ser- 
vice ; but in nautical astronomy the measurement of 
their distances firom the moon, and of their altitudes, is 
of essential importance ; and as the sextant requires no 
fixed support, but can be held in the hand, and usec^ on 
ship-boaid, the utility of the instrument becomes at once 
obvious. For altitudes at sea, as no level, plumb-line, 
or artifieial horizon can be used, the sea-offing affords 
the only resource ; and the image of the star observed, 
seen by reflection, is brought to coincide with the boun- 
dary of the sea seen by (firect rays. Thus the altitude 
above the sea-line is found ; and this corrected for the 
dip of the horizon (art. 24) gives the true altitude of the 
star. On land, an artificial horizon may be used (art. 139), 
and the consideration of dip is rendered unnecessary. 

(159.) The reflecting circle is an instrument destined 
for the same uses as the sextant, but more complete, the 
circle being entire, and the divisions carried all round. 
It is usually furnished with three verniers, so as to admit 
of three distinct readings off, by the average of which 
the error of graduation and of reading is reduced. This 
is altogether a very refined and elegant instrument. 

(160.) We must not conclude this chapter without 
mention of the ** principle of repetition ;" an invention 
of Borda, by which the error of graduation may be di- 
minished to any degree, and, praetically speaking, aaBi- , 
hilated. LetPQ be two objectt^ which we may suppoie 
fixed, for purposes of mere eiplanation, and let KLbet 
telescope moveable on O, the common axis of two cir- 
cles, AML and a 6 c, of which the former, AML, is ab- 
solutely fixed in the plane of the objects, and carries the 
graduations, and the latter is freely moveable on the axis 
The telescope is attached permanently to the latter circle 
and moves with it. An arm OaA carries the index, or 
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vernier, which reada off the graduated limb of the fixed 
circle. This arm is provided with two clumps, by (vhich 
it can be temporarily connected with either circle, and 




Suppose, now, the telescope di- 
rected to P.' Clamp the index arm OA to the inner 
cUqe, and unclamp it from Ihe outer, and read off. Then 
carry the telescope round to the other object Q. In so 
doing', the inner circle, and the index-arm which is 
clamped to ii, will also be carried round, over an arc AB, 
on the graduated limb of the outer, equal to the angle 
POQ. Now cianip the index to the outer circle, and 
unclamp the inner, and read off: the difference of readings 
will of course measure the angle POQ ; but the result 
will be liable to two sources of error — thai of graduation 
and thai of observation, both which it is our object to ' 
get rid of. To this end transfer the telescope back to P, 
without unclamping the arm from the outer circle ; then, 
having made the bisection of P, clamp tlie arm to b, and 
unclamp it from B, and again transfer the telescope to Q, 
iy which the arm will now be carried with it to C, over 
a second arc, BC, equal to the angle POQ. Now again 
read off; then will the difference between this reading 
and the original one measure twice the angle POQ, 
affected with both errors of observation, but only with 
the fame error of graduation as before. Let this pro- 
cess be repeated as often as we please (suppose ten 
times) ; then will the final arc ABC0 read off on the 
circle be tan times the required angle, affected by the 
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joint errors of all the ten observations, but only by the 
same. constant error of graduation, which depends on the 
initial and final readings off alone. Now the errors of 
observation, when numerous, tend to balance and destroy 
one another ; #0 that, if sufficiently multiplied, their in- 
fluence wilLdteppete from the result. There remains, 
then, only lii^tllMistant error of graduation, which comes 
to be divided in the final result by the number of obser- 
vations, and is therefore diminished iq^ its influence to 
one tenth of its possible amount, or to less if need be. 
The abstract beauty and advantage of this principle seem 
to be counterbalanced in practice by some unknown 
causoy mp^h, probaWy, must be sought for in imperfect 
clamping. 
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or the Figure of the £a^ — Its exact Dimensions — ^Its Form that of Equi* 
librium modified by centrifugal Force — Variation of Gravity on its 
Surfiu;e — Statical and Djrnamical Meaqires of Gravity — The Pendu- 
lum — Gravity to a Spheroid— Other Eflects of Earth*8 Rotation — ^Trade 
Winds— Determination of geo^phical JPVisitions — Of Latitudes — Of 
Lonjgitudes— Conduct of a tngononetrical Survey — Of Maps — Pro- 
jections of the Sphere — Measurement of Heights by the Barometer. 

(161.) Geography is not only the most iihportant of 
the practical branches of knoMedge to which astronomy 
is applied, but is also, theoretically speaking, an essen- 
tial part of the latter science. The earth being the ge- 
neraJ station from which we view the heavens, a know- 
ledge of the local situation of particular stations OH' .iH 
surface is of great consequence, when we come to inqraie 
the distances of the nearer heavenly bodies from us, ai 
concluded from observations of their parallax as well as 
on all other occasions, where a difference of locality can 
be supposed to influence astronomical results. We pro- 
pose, therefore, in this chapter, to explain the principles 
by which astronomical observation is applied to geo^ 
graphical determinations, and to give at the same time 
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an outline of geography b 
part of agtronomy. 

(162.) Geography, as Lhe word impoTta, is a delinu 
tion or description of lhe earth. In its widest eeuse, this 
comprehends not only the delineation of the form of its 
oontinents and seas, its rivers aiid mountains, but their 
physical condition, climates, anil products, and their 
appropriation by commnnitiea of men. With physical 
and political geography, however, we have no concern 
here. Astronomical geography has for its objects the 
exact knowledge of the form and dimensions of die earth, 
the parts of its surface occupied by sea and land, and the 
configuration of the surface of the Imtter, regarded as pro- 
tuberant above the ocean, and broken into the various 
foTms of mouDtain, table land, and valley ; neither should 
the form of the bed of the ocean, regarded as a continua- 
tion of the surface of the land beneath the water, be left 
out of consideration ; we know, it is true, very little of , 
it; but this is an ignorance rather to be lamented, and, 
if possible, remedied, than acquiesced in, inasmuch as there 
are many very important branches of inquiry which would 
be grcady advanced by a better acquaintance with it. 

(103.) With regard to the figure of the earth as a 
whole, we have alread}' shown that, speaking loosely, it 
may be regarded as spherical ; but the reader who has 
duly appreciated the remarks in art. 23 will not be at a 
loss to perceive that this result, concluded from observa- 
tions not susceptible of much exactness, and embracing 
very small portions of the surface at once, can only be 
regarded as a first approximation, and may require to be 
materially modified by entering into minuliEe before neg- 
lected, or by increasing the delicacy of our observations, 
or by including in their extent larger areas of its surface. 
For instance, if it should turn out (as it will), on minuter 
inquiry, that the true figure is somewhat elliptical, or 
flattened, in the manner of an orange, having the diame- 
ter which coincides with the axis about j J^tb part shorter 
than the diameter of its equatorial circle ; this is so 
trilling a deviation from the spherical form that, if a mo- 
del of such proportions were turned in wood, and laid 
before tis on a table, the nicest eve or hand would not 
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detect the flattening, since the difference of dfometers^ in 
a glol^e of sixteen inches would amount only to ^^^th of 
an inch. In all common parlance, and for njl ordinary 
purposes, then, it would still be called a globe ; while, 
nevertheless, by careful measurement, the difference 
would not fail |o be noticed, and, speaking strictly, it 
would be termed, not a globe, but an oblate ellipsoid, or 
spheroid, which is the name appropriated by geometers 
to the form above described. 

(164.) The sections of such a figure by a plane are not 
circles, but ellipses ; so that, on such a shaped earth, the 
horizon of a spectator would nowhere (except at the 
poles) be exactly circular, but somewhat elliptical. It is 
easy to demonstrate, however, that its deviation from the 
circular form, arising from so very slight an *^ eUiptidty** 
as above supposed, would be quite imperceptible, not 
only to our eyesight, but to the test of the dipsector ; so 
that by that mode of observation we should never be led 
"^to notice so small a deviation from perfect sphericity. 
How we are led to this conclusion, as a practical result, 
will appear, when we have explained the means of de- 
termining with accuracy the dimensions of the whole, or 
any part of the earth. 

(165.) As we cannot grasp the earth, nor ftcede from 
it far enough to view it at once as a whole, and compare 
it with a known standard of measure in any degree com- 
mensurate to its own size, but can only creep about upon 
it, and apply our diminutive measures to comparatively 
small parts of its vast surface in succession, it becomes 
necess^ to supply, by geometrical reasoning, the defect 
of our physical powers, and from a delicate and careful 
measurement of such small parts to conclude the form 
and dimensions of the whole mass. This would present 
little difficulty, if we were sure the earth were strictly a 
sphere, for the proportion of the circumference of a circle 
to its diameter being known (viz. that of 3*1415926 to 
1*0000000), we have only to ascertain the length of the 
entire circumference of any great circle, such as a meri- 
dian, in miles, feet, or any o&er standard units, to know 
the diameter in units of the same kind. Now the cir- 
cumference of the whole circle is known as soon as we 

L 




know the feact length of any aliquot part of it, such ae 
l'''or jTJi'^ t^"*' ' ""''• ''''^ being not more than about 
seventy raHes in length, is not beyond the limits of Tery 
exact measurement, and conld in fact, be measured (if 
we knew iiH exact trmination at each extremity) wtihin 
a Tory few feet, or, indeed, inches, by roelhods presently 
to be particularized, 

(160.) Supposing, then, we were to begin measuring 
with all due nicety from any station, in the exact direc- 
tion of a meridian, and go measuring on, tilt by some in* 
dication we were informed that we had accomplished an 
exact degree from the point we set out from, onr problem 
wonld then be at once resolved. Jt only remains, there- 
fore, to inquire by what indications we can be sure, 1st, 
that we ftflocadvanced on d«f(rfe^ree; and,2dly, thalwe 
have been measuring' in the exact direction of a great circle. 

fI67.) Now, the earth has no landmarks on it to in- 
dicate degrees, nor traces inscribed on its surface to guide 
ua in aach a course. The compass, though it affords a 
tolerable guide to the mariner or llie traveller, is far loo 
uncertain in its indications, and too little known in its 
laws, to be of any use in such an operation. We must, 
therefore, look outwards and refer our situation on the 
surface of our globe to natural niarks, external to it, 
and which are of equal pennanence and stability with die 
earth itself. Such marks are afforded by the stars. By 
observations of their meridian altitudes, performed at any 
station, and from their known polar distances, we con- 
clude the height of the pole ; and since the altitude of the 
pole is equal to the latitude of the place (art. 85), the 
same observations give the latitudes of any stations where 
we may establish the requisite instruments. When onr 
latitude, then, is found to have diminished a degree, we 
know ihat, prvvided we have kfpt to the meridian, we 
have described one three hundred and sixtieth part of the 
earth's circumference. 

(168.) The direction of the meridian may be secured 
at every instant by the observations described in art. 1 37, 
and although local difficulties may oblige us to deviate in 
our measurement from Ibis exact direction, yet if we 
Keep a strict account of the mnount of this deviation, k 
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very simple calculation will enable us to reduce our ob- 
served measure to its meridional value. 
. (169.) Such is the principle of that most important 
geographical operation, the measurement of an arc of 
&e meridian. In its detail, however, a somewhat modi- 
fied course must be jfollowed. An observatory cannot be 
mounted and dismounted at every step ; so that we can- 
not identify and measure an exact degree neither more 
nor less. But this is of no consequence, provided we 
know with equal precision how muchf more or less, we 
have measured. In place, then, of measuring this pre- 
cise aliquot part, we take the more convenient method 
of uieasuring from one good observing station to another, 
about a degree, or two or three degrees, as the tase may 
be, apart, and determining by astronomical observation 
the precise difference of latitudes between the stations. 

(170.) Again, it is of great consequence to avoid in 
this operation every source of uncertainty, because an 
error committed in tiie length of a single degree will be 
multiplied 360 times in tibe circumference, and nearly 
115 times in the diameter of the earth concluded from it. 
Any error which may affect the astronomical determination 
of a star's altitude will be especially influential. Now 
^ere is still too much uncertainty and fluctuation in the 
amoimt of refraction at moderate altitudes, not to make it 
especially desirable to avoid this source of error. To 
effect this, we take care to select for observation, at the 
extreme stations, some star which passes through or near 
the zeniths of both. The amount of refraction, within a 
few degrees of the zenith, is very small, and its fluctua- 
tions and uncertaii^ty, in point of quantity, so excessively 
minute as to be utterly inappreciable. Now, it is the 
same thing whether we observe the pole to be raised or 
depressed a degree, or the zenith distance of a star when 
on the meridian to have changed by the same quantity. 
If at one station we observe any star to pass through the 
zenith, and at the other to pass one degree south or north 
of the zenith, we are sure ^at the geographical latitudes, 
or the altitudes of the pole at the two stations, must dif- 
fer by the same amount. 

(171.) G^ranting that the terminal points of one degree 
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can be ascertained, its length may be measured by the 

methods which will be preaently described, as we have 
before remarked, to within a very few feet. Now, the 
error which may be irommiited in fixing each of theae 
terminal points cannot exceed that which maybe com- 
mitted in the observation of the zenith distance of a star, 
properly situated for the purpose in question. This error, 
with proper care, can hardly exceed a single second. 
Supposing we grant the possibility of ten feet of error in 
the measured length of one degree, and of one second in 
each of (he zenith distances of one star, observed at the 
northern and aouthem stations, and, lastly, suppose aU 
these errors to conspire, so as to tend all of them to give 
a result greater or dl less than the truth, it will appear, 
by a very easy proportion, that the whole amount of 
error which would be thus entailed on an estimate of the 
earth's diameter, as concluded from such a measure, 
would not exceed 544 yards, or about the third part of a 
mile, and this would be large allowance. 

(172.) This, however, supposes that the form of the 
earth is that of a perfect sphere, and, in consequence, the 
lengths of its degrees in all parts precisely equa!. But 
when we come to compare the measures of meridional 
arcs made in various parts of the globe, the results ob- 
tained, although they agree sufficiently to show that the 
supposition of a spherical figure is not very remote from 
the truth, yet exhibit discordances far greater than what 
we have shown to be attributable to error of observation, 
and which render it evident tiiat the hypothesis, in strict- 
ness of its wording, is untenable. The following table 
exhibits the lengths of a degree of the meridian (astro- 
nomically determined .as above described), expressed in 
British standard feet, as resulting from actual measure- 
ment, made with alt possible care and precision, by com- 
missioners of various nations, men of the first eminence, 
supplied by their respective governments with the best 
instruments, and furnished with every facility which 
could tend to insure a successful result of their import- 
ant labours.* 

• Ths fint Ihne coliimai af this Inble are etlmeted from amcmg llie 
dam given in ProfeMor Airy'i ejcollsnt pappr ■' On ihe FiguM of ilu 
Earth," in Ihe Eiiiyrlojamlia MalropuliMmB. 



CHAP, in.] D£0R££8 IN DIFPERENT LATITUDES. * 111 


Country. 


Latitude 
of Middle 
of the Arc. 


Aic 
measured. 


Length 

of the 

Degree 

concluded. 


Obeeryen. 


Sw«deii 


66 90 10 


. 103719" 


365783 


Bvanbeiv. 


Russia' • 


58 17 37 


3 35 5 


365368 


Struve. 


England 


53 35 45 


3 57 13 


364071 


Roy, Kater. 


France 


465S 2 


890 


964873 


Lacaille, Caanni. 


France - 


44 51 8 


13 23 13 


384535 


Delambre, Mechain. 


Reme 


4350 


2 9 47 


364362 


BoscoviciL 


America, U. S. • 


SC) 13 


1 38 45 


363786 


Maaon, Dixon. 


Cape of Good Hope 
India 


3S 18 30 


1 13 174 


364713 


Lacaille. 


16 8 33 


15 47 40 


363044 


Lambton, Evemt. 


India • 


13 33 31 


1 34 56 


36.^13 


Lambton. 


Peru 


1 31 3 7 3 1 


363808 


Condaniine, 9cc 



It is evident from a mere inspection of the second and 
fourth columns of this table that the measured length of 
a degree increases tvith the latitude^ being greatest near 
&e poles, and least near the equator. Let us now con- 
sider what interpretation i£> to be put upon this conclusion, 
as regards the form of the earth. 

(178.) Suppose we held in our hands a -model of t&e 
earth smoothly turned in wood, it would be, as already 
observed, so nearly spherical, that neither by the eye nor 
the touch, unassisted by instruments, could we detect any 
deviation from that form. Suppose, too, we were debar- 
red from measuring directly across from surface to surface 
in different directions with any instrument, by which we 
might at once ascertain whether one diameter were longer 
than Mother ; how, then, we may ask, are we to ascer- 
tain whether it is a true sphere or not ? It is clear that 
we have no resource, but to endeavour to discover, by 




some nicer means than simple inspection or feeling; 
whether the convexity of itjs surface is the same in 
every part ; and if not, where it is greatest, and whexe 
iea«t Suppose, then, « thin plate of inetal to he cniinlo 
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a. concavity ul its edge, bo as exactly to fit the surface at 
A; let this now be removed from A, and applied succea- 
lively to several other parts of the surface, taking care to 
keep ila plane alwaya on a great circle of the globe, as 
here represented. If, then, we find any position, B, in 
■which the light can enter in the middle between the globe 
and plate, or any other, C, where the latter tills by pres- 
sure, or admits the light under its edges, we are sure that 
the curvature of the surface at B is less, and at C greater 
than at A. 

(174.) What we here do by the application of a melal 
plate of determinate length and curvature, we do on the 
earth by the measurement of a degree of variation in tlie 
altitude of the pole. Curvature of a surface is nothing 
but the continual deflection of its tangent from one fixed 
direction as we advance along it. When, in the same 
measured tlisttmce of advance, we fiod the tangent 
(which answers to our horizon) to have shifted its posi- 
tion with respect to" a filed direction in space (such as 
tlie axis of the lieavens, or the line joining the earth's 
centre and some given star), more in one part of the 
earth's meridian than in another, we conclude, of ne- 
cessity, that the curvature of the surface at the former 
Sjiot is greater than at the latter ; and, vice versa, when, 
in order to produce the same change of horizon with 
respect to the pole (suppose 1°), we require to travel 
over a longer measured space at one point than at an- 
other, we assign to that point a less curvature. Hence 
we conclude that ike cttrvature of a meridional seclion 
of the earth i» sentibly greater at the equator than to- 
wards the poles ; or, in other words, that the earth is 
not spherical, but flattened at the poles, or, which comes 
to the same, protuberant at the equator. 

(175.) Let NABDEF represent a meridional section 
of the earth, C its centre, aiid NA, BD, GE. arcs of a 
meridian, each corresponding to one degree of difference 
of latitude, or to one degree of variation in the meridian 
altitude of a star, as referred to the horizon of a spectator 
travelling along the meridian. Let /iN, oA, iB, (/D, gQ, 
*E. be the respective directions of the plumb-line at the 
itations N, A, B, D, G, E, of which we will suppoie N 
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to be at the pole and E at the eqisator ; then will ^ tiui- 
gents to the surface at these points respectively be per- 
pendicular to these directions ; and, consequently, if each 
pair, viz. nN and aA, 6B and dJ), gG and cE, be pro- 
longed till they intersect each other (at the points a?, y, z), 
the angles Na?A, ByD, OzE, will each be one degree, 
and, therefore, all equal ; so that the small curvilinear 
arcs NA, BD, GE, may be regarded as arcs of circles 
of one degree each, described about x, y, z, as centises. 
These are what in geometry are called centres of curva- 
ture, and the radii arN or xA, yB or yD, zG or arE, re- 
present radii of curvature, by which the curvatures at 
those pointa are determined and measured. Now, as the 
arcs of different circles, which subtend equal angles at 
their respective centres, are in the direct proportion of 
their radii, and as the arc NA is greater than BD, and 
that again than GE, it follows that the radius "Sx must 
be greater than By, and By than E2:. Thus it appears 
that the mutual intersections of the plumb-lines will not, 
as in the sphere, all coincide in one point C, the centre, 
but win be arranged along a certain curve, xyz (which 
will be rendered more evident by considering a number 
of intermediate stations). To this curve geometers have 
ffiven the name of the evolute of the curve NABDGE, 
from whose centres of curvature it is constructed. 
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(170.) In the flattening of a. ronnd li^re at two op- 
posite points, and its protuberance at points rectangularly 
situated to the former, we recognise the distinguishing 
feature of the elliptic fonn. Accordingly, the next and 
simplest supposition that we can make respecting the 
nature of the meridian, since it is proved not to be a. 
circle, ia, that it ia an ellipse, or nearly so, having NS, 
the axia of the earth, for its sliorter, and EF, t!ie equa- 
torial diaraeler, for its longer axis ; and that the form of 
the earth's surface is that which would arise from making 
such a curre revolve about its shorter axis NS. This 
agrees well with the general course of the increase of 
the degree in going from the equator to the pole. In the 
ellipse, the radius of curvature at E, tlie extremity of the 
longer axis' is the least, and at that of t)ie shorter axis, 
tlie greatest it admits, and the forni of its evolute agrees 
with, tiiat here represented.* Assuming, then, that it is 
an ellipse, the geometrical properties of that curve ena- 
ble us to assign the proportion between tlie lengths of its 
axes which shali correspond to any proposed rate of va- 
riation in its curvature, as well as to fix upon theb ab- 
solute lengths, eorrespondittg to any assigned length of 
the tlegree in a given latitude. Without troubling tlie 
reader with the investigation (which may be found in 
any work on the conic sections), it will be suiEcient to 
state that the lengths which agree on the whole best with 
the entire aeries of meridional arcs which have been 
satisfactorily measured, are as follow :t — 

Grmtsr or equQlorial dianteter =; 41, 847,426 ^79SS'C4e 

Lemet or polar diaraeler =41, 707,620= 7B99170 

^'''"^M^''^''"'"^'""''"'"*"'™"''!^ 139,806= 26A1f, 

TJie proportion of the diameters is very nearly that of 
298 : 299, and their difference -^i-g of the greater, or a 
very little greater than j^. 

(177.) Thus we see (hat the rough diameter of 8000 
railea we have hitherto used is rather too great, the ex- 
cess being about 100 miles, or -si^lh part. We consider 
it extremely improbable that an error to the extent ot 

' The dotted linei wo ihe poriion* of the etolule belonging to Iho oCbU 

t See ProfeM. Alry't Fmy habre cited. 
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five miles can subsist in the diameters, or an uncertainty 
to that of a tenth of its whole quantity in the com- 
pression just stated. As convenient numbers to remem- 
ber, the reader may bear in mind, that in our latitude 
there are just as^many thousands of feet in a degree of 
the meridian as there are days in the year (365) : that, 
speaking loosely, a degree is about 70 British statute 
miles, and a second about 100 feet; and that the equa- 
torial circumference of the earth is a little less than 
25,000 miles (24,899). 

(178.) The supposition of an elliptic form of the 
earth's section through the axis is recommended by its 
simplicity, and confirmed by comparing the numerical 
results we have just set down with those of actual mea- 
surement. When this comparison is executed, <Mscord- 
ances, it is true, are observed, which, although cttlD too 
great to be referred to error of measurement, are yel so* 
small, compared to the errors which would result from 
the spherical hypothesis, as completely to justify our 
regarding, the earth as an ellipsoid, and referring the 
observed deviations to either local or, if general, to com- 
paratively small causes. 

(179.) Now, it is highly satisfactory to find that the 
general elliptical figure thus practically proved to exist, 
is precisely what ought theoretically to result from the 
rotation of the earth on its axis. For, let us suppose 
the earth a sphere, at rest, of uniform materials through- 
out, and externally covered with an ocean of equal depth 
in every part. Under such circumstances it would ob- 
viously be in a state of equilibrium ^ and the water on 
its surface would have no tendency to run one way or 
the other* Suppose, now, a quantity of its materials 
were taken from the polar regions, and piled up all 
around the equator, so as to produce that difierence of 
the pobff and equatorial diameters of 26 miles which we 
know to exist. It is not less evident that a mountain 
ridge or equatorial continent, only, would be thus form- 
ed, from which the water would run down to the ex- 
cavated part at the poles. However solid matter might 
rest where it was placed, the liquid part, at least, would 
not remain there, any more than if it were thrown on 
the side of a hill. The consequence, therefoiu, would 
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be the formation of two great pi 
tountl by equatorial land. Now, thia ia by no means 
the case iB nature. The ocean occupies, indifferently, 
all latitudea, with no more partiality to the polar than to 
the equatorial. Since, then, aa we aee, the water oc- 
cupies an elevation above the centre no lesB than 13 
miles greater at the equator than at (he poles, and yet 
manifests no tendency to leave the former and run to- 
wards the latter, it is evident that it must be retained in 
that situation by sonie adequate power. No suoh power, 
however, would esiat in the case we have supposed, 
which is therefore not conformable to uature. In other 
words, the spherical form ia not the figure of equili- 
brium; and therefore the earth is either not at rest, or 
is so internally constituted as to attract the water to its 
equatorial regions, and retain it there. For the latter 
supposition there is no prima facie probability, nor any 
analogy to lead us to such an idea. The former is in 
accordance witb all the phenomena of the apparent 
diurnal motion of the heavens ; and, therefore, if it will 
*ith the power in question, we can have no 
n adopting it as the true one. 

(180.) Now, every body knows that 
when a weight is whirled round, it ac- 
quires tliereby a tendency to recede 
from tlie centre of its motion ; which is 
called the centrifijgal force. A stone 
whirled round in a sling is a common 
illustration ; but a better, for our pre- 
sent purpose, will be a pail of water, sus- 
pended by a cord, and made to spin 
f-0U7nl, while the cord hangs perpendi- 
cularly. The surface of the water, in- 
stead of remaining horizontalj will be- 
come concave, as in the figure. The 
centrifugal force generates a tendency in 
all the water to leave the axis, and 
press towards the circumference ; it is, 
therefore, urged against the pail, and 
forced up its sides, till t!ie excess of 
eight, and consequent increase of prea- 
ire downwards, jiisl counterbalances iui 
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centrifugal- force, and a state of equilibrium is attained. 
ITie experiment is a very easy and instructive one, and 
is admirably calculated to show how the form of equili' 
Mum accommodates itself to varying circumstances. 
If, for example, we allow the rotation to cease by degrees, 
as it becomes slower we shall see the concavity of the water 
regularly diminish ; the elevated outward portion will de- 
scend, and the depressed central rise, while all the time a 
perfectly smooth surface is maintained, till the rotation is 
exhausted, when ihe water resumes its horizontal state. 

(181.) Suppose, then, a globe, of the size of the earth, 
at rest, and covered with a uniform ocean, were to be set 
in rotation about a certain axis, at first very slowly, but 
by degrees more rapidly, till it turned round once in 
twenty-four hours ; a centrifugal force would be thus gene- 
rated, whose general tendency would be to urge the water 
at every point of the surface to recede from the axis, 
A rotation might, indeed, be conceived so swift as to flirt 
the whole ocean from the surface, like water from a mop. 
But this would require a far greater velocity than what 
we now speak of. In the case supposed, the weight 
of the water would still keep it on the earth : and the 
tendency to recede from the axis could only be satisfied, 
therefore, by the water leaving the poles, and flowing 
towards the equator ; there heaping itself up in a ridge, 
just as the water in our pail accumulates against the side ; 
and being retained in opposition to its weight, or natural 
tendency towards the centre, by the pressure thus caused. 
This, however, could not take place without laying dry 
the polar portions of the land in the form of immensely 
protuberant continents ; and tide difference of our supposed 
cases, therefore, is this :— in the former, a great equato- 
rial continent and polar seas would be formed ; in the 
latter, protuberant land would appear at the poles, and a 
zonQ of ocean be disposed around the equator. This 
would be the first or immediate effect. Let us now see 
what would afterwards happen, in the two cases, if things 
were allawed to take their natural course. 

(182.) The sea is constantly beating on the land, 
grinding it down, and scattering its worn ofl* particles and 
fragments, in the state of mud and pebbles, over its bed 




Geologit^al facta aSbrd abundunt proof thnl tlie existing 
eontiiients have alt of them undergone this process, even 
more than once, and been entirely torn in fragments, or 
redneed to powiJer, and aubmerged and reconatrucled 
Land, in this view of the Bubject, loses its attribute of 
fixity. As a maas il might hold together in oppoeitioD 
to forces which the water freely obeys; but in its stal* 
of successive or simultaneous degradation, when dissemi- 
nated through the water, ia the slate of sand or mud, il 
is subject to all the impulses of that fluid. In the lapse 
of time, then, the protuberant land in both cases would 
he destroyed, and spread over the bottom of the ocean, 
'filling up the lower parts, and tending continually to re- 
model the surface uf the solid nucleus, in correspond en ce 
with theybrm of equilibTiuin in both cases. Tlius, aftei 
a sufficient lapse of lime, in the case of an earth at rest, 
the equatorial continent, thus forcibly construcled, would 
Bgain be levelled and transferred to the polar excavations, 
and the spherical figure be so at lengtli restored. In 
that of an earth in rotation, the polar protuberajiees 
would gradually be cut down nnd disappear, being trans- 
ferred to tlie equator (as being then the deepest sea), till 
the earth would assume by degrees the form we observe 
il to have — that of a flattened or oblate ellipsoid. 

(183.) We are far from meaning here to trace the pro- 
cess by which the earth really assumed its actual form ; 
all we intend is, to show that this is the form to which, 
under the condition of a Kilalion on its axis, it must teiulf 
and which it would attain, even if originally and (so to 
speak) perversely conBlitutcd otherwise. 

(184.) But, further, the dimensions of the earth and 
the time of its rotation beinv^own, it is easy tlience to 
calculate the. exact amount of the centrifugal force,* 
whicli, at the equator, appears to be j^i, th part of the 
force or weight by which all bodies, whether sqUjI- or 
liquid, tend to fall towards the earth. By this fr*fttlon 
of its weight, then, the sea at the equator is lightened, 
and thereby rendered susceptible of being supported at a 
higher level, or more remote from the centre than at the 
poles, where no such counteracting force exists; and 

' See Cab. Cyc, Meohikiob, c vUi- 
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where, in consequence, the water may be considered as 
specifically heavier. Taking this principle as a guide, 
and combining it with the laws of gravity (as developed 
by Newton, and as hereafter to be more fully explained), 
mathematicians Ifave been enabled to investigate, a pri' 
ori, what would be the figure of equilibrium of such a 
body, constituted internally as we have reason \o believe 
the earth to be ; covered wholly or partially with a fluid; 
and revolving uniformly in twenty-four hours ; and the 
result of this inquiry is found to agree very satisfactorily 
with what experience shows to be the case. From their 
investigations it appears that the form of equilibrium is, 
in fact, no other than an oblate ellipsoid, of a degree of 
ellipticity very nearly identical with what is observed, 
and which would be no doubt accurately so, did we know 
the. internal constitution and materials of the earth. 

(l85.) The confirmation thus incidently furnished, of 
the hypothesis of the earth's rotation on its axis, cannot 
fail to strike the reader. A deviation of its figure from 
that of a sphere was not contemplated among the original 
reasons for adopting that hypothesis, which was assumed 
solely on account of the easy explanation it offers of the 
apparent diurnal motion of the heavens. Yet we see 
that, once admitted, it draws with it, as a necessary con- 
sequence, this other remarkable phenomenon, of whkdi 
no other satisfactory account could be rendered. Indeed, 
so direct is their connexion, that the ellipticity of the 
earth's figure was discovered and demonstrated by New- 
ton to be a consequence of its rotation, and its amount 
actually calculated by him, long before any measurements 
had suggested such a comlusion. As we advance with 
our subject, we shall find the same simple principle 
branching out into a whole train of singular and import- 
aiU consequences, some obvious enough, others which 
at.fftrst seem entirely unconnected with it, and which, 
until traced by Newtoii up to this their origin, had 
ranked among the most inscrutable arcana of astronomy, 
as well as among its grandest phenomena. 

(186.) Of its more obvious consequences, we may here 
mention one which falls in naturally with our present 
subject. If the earth really revolve on its axis, this rota- 

M 
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tion must generate a centrifugal force (see art. 184), the 
effect of which must of Coarse be to counteract a certain 
portion of the weight of every body Bitiiated at tlie equa- 
tor, as compared with its weight at the poles, or in aay 
intermediate latitudes. Now, this is ftiWy confirmed by 
experience. There is actually observed to exist a differ- 
ence in the gravity, or downward tendency, of one and 
the same body, when conveyed successively lo stations 
in different latitudes. Experiments made with the great- 
est care, and in every accessible part of the globe, have 
fully demonstrated the fact of a regular and progressive 
increase in the weights of bodies corresponding to the 
increase of latitude, and fixed its amount and the law of 
its progression. From these it appears, that the extreme 
amount of this variation of gravity, or the difference be- 
tween the equatorial and polar weights of one anil the 
same mass of matter, is one part in 194 of its wliole 
weight, the rale of increase in traveSHng from the equa- 
tor to the pole being «« the square of the sine ofl/ie fati- 
tude. 

(187.) The readerwill here naturally inqnire, what is 
mtanlhy speaking of the same body as having different 
weights iit different atationa ; and, how sucli a fact, if 
true, can be ascertained. When we weigh a body by a 
balance or a steelyard we do'liut counteract its weight by 
flie equal weight of another body under the very same 
circumstances ; and if both the body weighed and its 
counterpoise be removed to another station, their gravity, 
if cJianged at all, will be changed equally, so that they 
will still continue to counterbalance each other. A dif- 
ference in the intensity of grarity could, therefore, never 
be detected by these means ; nor is it in this sense thai 
we assert that a body weighing 194 poimda at the equa- 
tor will weigh 195 at the pole. If counterbalanced in a 
scale or steelyard at the former station, an additional 
pound placed in one or other scale at the latter would 
inevitably sink the beam. 

(188.) The meaning of the proposition may be thnsex- 
piained : — Conceive a weight x suspended at the equator 
by a string without weight passing over a puOey, A, and 
conducted (supposing such a thing possible) over otiier 
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pulleys, such as B, round the earth's i^onvexity, till the 
other end hung down at the pole, and these a«BlaJned the 
weight y. If, thea, tin weights x j. 

and y were-such as, at any one sta- 
tioib equatorial or polar, would e: 
actly counterpoise each other on 
balance or when suspended side 
by side Over a single pulley, they 
would not counterbuance each 
other in this supposed situation, but 
thepjilai weighty would preponde- 
nte; and to restore the equipoise 
iM weights must be increased by^-^th part of ils quantity, 
(189.) The means by which this variation of gravihr 
mny be shown to exist, and ils amount measured, an 
twt^old (like all estimations of mechanical power), stati- 
oal and dynamical. The former consists in putting the 
gnvity of a weight in equilibrium, not with that of an- 
other weight, but with a natural power of a different kind 
sot liable to bft affected by local situation. Such a power 
is the elastic force of a spring. Let ABC be a strong 
support of brass standing on tiie foot A£D cast in one 
piece with it, into which is let a ^ 

smooth plate of agate, D, which can 
be adjusted to perfect horizontality 
by B berel. At C let a spiral spring 
Si^^tlached. which cairies at its 
lower end a weight F, polished and 
convei below. The Length and 
strength of the spring must be so ad- 
justed that the weight P shall be sus- 
tained by it just to swing clear of 
contact with the agate plate in the 
highest latitude at which it is intend- 
ed to use the instrument. Then, if 
small weights be added cautiously, it 
may be made to descend till it juit 
^raz«stheagate,acontactwhichc3n , 
be made with the utmost imaginable "E" 
delicacy. Let these weights be noted ; the weight F dfr 
tached ; the spring O carefully liited off its hook, and 
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secured. Tor travelling, from rust, strain, or disturbance, 
and the wlAle apparatus conveyed to a Elation in a lower 
latitude. It will then, be foand, oti remounting it, that, 
although loaded with the same addiliooal weights as be- 
fore, the weight F will no longer have power enough 
to stretch the spring to the extent required for producing 
a similar contact. More weights will require to be add- 
ed ; and the additional quantity necessary will, it is evi- 
dent, measure the difTcrence of gravity between t]ie two 
stations, as exerted on the whole quantity of pendent 
matter, t. e. the sum of the weight of F and halfjiui 
of the spiral spring itself. Granting that a spiral epriitg 
can be constructed of such strength and dimensions 
that a weight of 10,000 grains, including its own, shall 
produce an elongation of Ifl inches without permanency 
straining it,' one additional grain will produce a further 
extension of fa'oo th of an inch, a quantity which cannot 
possibly be mistaken in such a contact as that in question. 
Thus we should be provided with the means of mea- 
suring the power of gravity at any station to within 
cj^jlh of its whole quantity. 

(100.) The other, or dynamical process, by which the 
force urging any given weight to the earth may be de- 
termined, consists in ascertaining the velocity impaited 
by it to the weight when suffered to fall freely in a given 
time, as one second. This velocity cannot, indeed, be 
directly measured ; but indirectly, the pTinciples-dE'ita^ 
chanics furnish an easy and certain means of deduun^ it, 
and, consequently, the inlenaity of gravity, by observing 
the asclUationa of a pendulum. It is proved in mecha~ 
nies (see Cab. Cyc, Mechujics, 216), that, if one and 
the same pendulum be made to oscillate at different sta- 
tions, or under the influence of different forces, and the 
numbers of oscillations made in the same lime in each 

■ Whclher the rarocBsa above described could ever be so far perTecled 
and relined sa lo become a suhicitule tor the um of (he pendulum mutt 
'-'—--• - . - - .- „ of ipings^ 
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case be counted, the intensities of the forces will be to 
e<ich other inversely as the squares of flie numbers of 
oscillations made, and thus their proportion becomes 
known. For instance, it is found that, under the equa- 
tor, a pendulum of a certain form and length makes 
86,400 vibrations in a mean solar day ; and that, wh^n 
transported to London, the same pendulum makes 86,535 
vibrations in the same time. Hence we conclude, that 
the intensity of the force urging the pendulum down- 
wards at the equator is to that at London as 86400 to 
B95l|59 or as 1 to 1-00315; or, in other words, that a 
jiassof matter at the equator weighing 10,000 pounds 
exerts the same pressure on the ground, and the same 
effort to crush a body placed below it, that 10,031 s of the 
same pounds y transported to London, would exert there. 

(191.) Experiments of this kind have been made, as 
above stated, with the utmost care and minutest precaution 
to insure exactness in all accessible latitudes ; and their 
general and final result has been, to give yi^ for the frac- 
tion expressing the difference of gravity at the equator 
and poles. Now, it will not fail to be noticed by the 
reader, and will, probably, occur to him as an objec- 
tion against the explanation here given of the fact by the 
earth's rotation, that thi» 'differs materially from the frac- 
tion j^g- expressing the centrifugal force at the equator. 
fhe difference by which the former fraction exceeds the 
llltni*'<is^ J ^^, a small quantity in iiself, but still far too 
large,* compared with the others in question, not to be 
distinctly ac^counted for, and not to prove fatal to this ex- 
planation if it will not render a strict account of it. 

(192.) The mode in which this difference arises af- 
fords a curious and instructive example of the indirect 
influence which mechanical causes often exercise, and 
of which astronomy furnishes innumerable instances. 
The rotation of the earth gives rise to the centrifugal 
force ; the centrifugal force produces an ellipticity in 3ie 
form of the earth itself; and this very ellipticity of form 
modifies its power of attraction on bodies . placed at its 
surface, and thus gives rise to hq difference in question. 
Here, then, we have the same cause exercising at once a 
direct and an indirect influence. The amount ofthe former 
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is easily palcuiated, that of the !atWr willi far n 
cully, hv an iolricale and profuujid application 
raelry, ivlioae steps we cannot pretend to trace ii 
like the present, and can only stale its nature and result. 
(193.) The weight of a body (considered aa undimi- 
nished by a centrifugal force) is thd ciTect of tlie earth's 
attraction on it. This attraction, as Newton has demon- 
strated, consists, not in a tendency of all matter to any 
one particular centre, but in a disposition of every parti- 
cle of matter in the universe to press towards, and if nol 
opposed to approach to, every other. The attraction of 
(he earth, then, on a body placed on its surface, is not a 
simple but a complex force, resulting from the separate 
attractions of all its parts. Now, it is evident, that if the 
earth were a peifcct sphere, the attraction exerted by it 
on a body any where placed on its surface, whether at 
its equator or pole,, must be exactly alike, for the simple 
reason of the esact aymmelry of the sphere in every di- 
rection. It is not less evident that, the eartii being ellip- 
tical, and this symmetry or similitude of all its parts not 
existing, the same result cannot be expected. A body 
placed at the equator, and a similar one at the pole of a 
flattened ellipsoicl, stand in a dilTereiit geometrical rela- 
tion to the mass as a whole. This difference, without 
entering further into particulars, may be e^ipecled to 
draw with it a difference in its forces of atlractiijn oti'tlie 
two bodies. CalcT^ation confirms this idea. It Is a 
question of purely mathematical investigation, and has 
been treated with perfect clearness and precision by New- 
ton, Maclaurin, Clairaut, and many other eminent geo- 
meters ; and the result of (heir investigations is to show 
that owing to the elliptic form of llie earth alone, and in- 
dependent of the centrifugal force, its attraction ought to 
increase the weight of a body in going from the equator 
to the pole by almost exacdy j^-glh part ; which, toge- 
ther with j^fii due to the centrifugal force, make up the 
whole qnimtity, ^th, observed. 

(194.) Anothet grB«t geographical phenomenon, whicli 
owes its esfttence to iSe earth's rotation, is lliat of ■'"' 

trade-winds. These mighty currents in our atmospl 

on which sc imporlant a part of navigation depend 
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arise from, 1st, the unequal exposure of the earth's sur- 
face to the sun's rays, by which it is unequally heated 
in different latitudes ; and, 2dly, from that general law 
in the constitution of all fluids, in virtue of which they 
occupy a larger bulk, and become specifically lighter 
when hot than w^hen cold. These causes, combined with 
the earth's rotation from west to east, afford an easy and 
satisfactory explanation of the magnificent phenomena in 
question. ^ 

(195.) It is a matter of observed feet, of which we 
shall give the explanation farther on, that the sun is con- 
stantly vertical over some one or other part of the earth 
between two parallels of latitude, called the tropics, re- 
spectively 285° north, ai)d as much south of the equator; 
and that the whole of that zone or belt of the earth's sur- 
face included between the tropics, and equally divided 
by the equator, is, in consequence of the great altitude 
attained by the sun in its diurnal course, maintained at a 
much higher temperature than those regions to the north 
and south which lie nearer the poles. Now, the heat thus 
acquired by the earth's surface is communicated to the 
incumbent air, which is thereby expanded, and rendered 
specifically lighter than the air incumbent on the rest of 
the globe. It is, therefore, in obedience to the general 
laws of hydrostatics, displaced and buoyed up from the 
iaiface, and its place occupied by colder, and therefore 
heavier air, which glides in, on both sides, along the 
surface, from the regions beyond the tropics ; while the 
displaced air, thus raised above its due level, and unsus- 
tained by any lateral pressure, flows over, as it were, 
and forms an upper current in the contrary direction, or 
toward the poles ; which, being cooled in its course, and 
also sucked down to supply the deficiency in the extra- 
tropical regions, keeps us thus a contiimal circulation. 

(196.) Since the earth revolves about an axis passing 
through the poles, the equatorial portion of its surface 
has the greatest velocity of rotationy and all other parts 
less in the proportion of the 7a4>Myf' the circles of lati- 
tude to which they correspond/^ Bat as the air, when 
relatively and apparently at resf on any part of the earth's 
surface, is only so because in reality it participates in the 
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motion of rotation proper to that part, it followa that 
'when, a muss of uir tie:ir the poles is transferred la the 
region near the equator by any impulse urging it direct- 
' ly towards that circle, in every point of its progress to- 
wards ila new situation it must be found deficient in ro- 
tatory velocity, and therefore unable to keep up with the 
apeed of ittfi new surface over which it is brought. 
Hence, the currents of air which set in towards the 
equator from the north and eouth inuat, as they glide 
along the surface, at the same time lag, or hang back, 
and drag upon it in the direction opposite to tile earth's 
rotation, i. e, from east to west. Thus these currents, 
wliich but for the rotation would be simply northerly 
and soutlierly winds, acquire, from this cause, a relative 
direction towards the west, and assume the character of 
permanent uartl^e)^(crly and south-easterly winds. 

(197.) Were mny twnsiderable mass of air to be suif- 
denli/ transferred from beyond the tropics to the equator, 
Uie dilference of the rotatory velocities proper to the two 
situations wotild be so great as to produce not merely a 
wind, but a tempest of the most destructive violence. 
But this is not the case ; tlie advance of the air from Ule 
nortli and south is gradual, and all the while the earth is 
continually acting on, and by the friction of ila surface 
accelerating its rotatory velocity. Supposing its progress 
towards the equator to cease at any point, this cause 
would almost immediately communicate to it the defi- 
cient moiion of rotation, after which it would revolve 
quietly with the earth, and be at relative rest. Wc have 
only to call to mind the comparative thinness of tjie coat- 
ing which the atmosphere forms around the globe (arL 
34J, and the immense mass of the latter, compared with 
the former (\fliich it exceeds at least 100,000,000 times), 
to appreciate fuUy the absolute commantl of any exten- 
sive territory oftbe earth over the atmosphere iramedi- 
Btely incumbent on il, in point of motion, 

(198.) It foUowp from this, then, that as the winds on 
both sides approach Uie equator, their easterly tendency 
must diminish.* The lengths of the diurnal circles ia- 

• Soe CnpUin Hull's " Fragmenls gf VoyogBa and Travels," Sd s 
vul. i. p. 11^ where tliii it very itialinclly.Hiid, so &r s«I am awaj 
ihfl first lime, raasoind out. — AulArir. 
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crease very slowly in the immediate vicinity of the equa- 
tor, and for several degrees on either side of it hardly 
change at all. Thus the friction of the surface has more 
time to act in accelerating the velocity of the air, bring- ^ 
ing it towards a state of relative rest, and diminishing 
thereby the relative set of the currents from east to west, 
which, on the other hand, is feefaiy, and, at length, not 
at all reinforced by the cause whidi originally produced 
it. Arrived, then, at the eq;aator, the trades must be 
expected to lose their easterly character altogether. But 
not only this but the northern and southern currents, here ^ 
meeting and opposing, will mutually destroy each qther, ^, 
leaving only such preponderancy as may be due to a ^^lj! 
ffifference of local causes acting in the two hemispheres, - 
which in some regions around the equator may lie one 
way, in some ano&er. 

(199.) The result, then, must be ihe production of 
two great tropical belts, in the northern of which a con-^ 
stant north-easterly and in the southern a south-easteily, 
wind must prevail, while the winds in the equatorial 
belt, which separates the two former, should be compa 
ratively calm and free from any steady prevalence of 
easterly character. All these consequences are agreeable 
to observed fact, and the system of aerial currents above 
described constitutes in reality what is understood by 
the regular trade-imnda,* 

(200.) The constant friction thus produced between 
the earth and atmosphere in the regions near the equator 
must (it may be objected) by degrees reduce and at 
length destroy the rotation of the whole mass. The 
laws of dynamics, however, render such a consequence 
generally impossible ; and it is easy to see, in the pre- 
sent case, where and how the compensation takes place. 
The heated equatorial air, while it rises and flows over 
towards the poles, carries with it the rotatory velocity 
due to its equatorial situation into a higher latitude, 
where the earth's surface has less .motion. Hence, as 
it travels northward or southward, it will gain conti- 
nually more and more on the suHace of the earth in its 
diurnal motion, and assume constantly moie and more a 

* See the work last citM. 




westerly relaQve ilirection ; iuid when at Icngtli it returns 
to the surface, in its circulation, which it must do more 
or less in all the interval between the tropics aod the 
poles, it will act on it by its friction as a powerful souths 
west wind in the northern hemisphere, and a north-west 
in the southern, and restore to it the impulse taken up 
from it at the equaloiT.'. We have here the origin of the 
south-west and west^ly gales bo prevalent in our .lati- 
tudes, and of the almos^ universal westerly winds in 
the North Atlantic, which are, in fact, nothing else thsui 
a part of the general system of the reaction of the 
trades, and of the process by which the equilibiittm of 
the earth's motion is maintained under their action.* 

(201.) In order to construct a map or model of Ifae 
earth, and obtain a knowledge of the distribution of sea 
and laud over its surface, the forms of the outlines of its 
and idanda, the courses of ils rivers and 
ntain chains, and the relative situations, with respect 
'jjto each other, of tliose points which chiefly interest us, 
as centres of human habitation, or from other causes, it 
is necessary to possess the means of determining correctly 
the situation of auy proposed station on its surface. For 
this,two elements require to he known, the latitude and 
longitude, the former assigning its distance from the 
poles or the equator, the latter, the meridian on which 
ihat ('.istimce is to be reckoned. To these, in strictness, 
should be added, its height above the sea level; but the 

*Ab i[ 19 ourottjecl merGly lo illuHtialB lbs modem whicb the earth's 
roLalioa affects the aoiuiBphere an die great scale, we cuoiL all CDoaJder^ 
IJDii cij' local periodical wincEs, sucL aa nioLtsoonB. &c. 

It Hiiomi ^orth InqiiirVp wbelJier httrricauea in trapieal climates m^ 
nut ansa ihim poniom ol iLe upper curtonB promatureiy divenad down- 
MoKlBheriirE Iheir relative velocity bas been euflitionlly reduced byftio- 
Cion on, and gradnal miib^ wiUi. the lower Bttsia ; and BO duhing npcm 
the earJi wiin ihal Iremendoua velocify which gives ihem Ibsir deMmo- 
tive Lhoiacler. and of which hardly any ralioool acconnt bos yet b«BI 
given. Their conno, generally spcakiiig, is in onposiUoD to the regulu 
Crade-wind, aa it ought lo he. in cnnHimiiiy with this idea. (Yonn^i 
Lectnren. i. 704.) But ic by no meona follows that (his mu« always be 
Iho case. In general, a rapid Iranslbr. either way. in latitude, of ai|y 
ir which local or temporary causes might rarry obou tla 
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consideration of this had better be deferred, to avoid 
esmplicating the subject. 

(202.) The latitude of a station on a sphere would be 
tnerely the length of an arc of the meridian, intercepted 
between the station and the nearest point of the equator, 
reduced into degrees. {See art. 86.) But as the earth 
fB elliptic, this mode of conceiving latitudes becomes 
inapplicable, and we are compelled* to resort for our de- 
finition of latitude to a generalization of that property 
(art. 95), which affords the readiest means of determin- 
ing it by observation, and which has the advantage of 
being independent of the figure of the earth, wjiich, 
after all, is not exactly an ellipsoid, or any known'-geo- ... .fl^ 
rtetrical solid. The latitude of a station, then, ils the ^" 
altitude of the elevated pole, and is, therefore, astrono- 
mically determined by those methods already explained 
forascertaining that important element. In consequencOi > ■ 
it i*fll be remembered that, to make a perfectly corr#^ ; ; ' 
itfaj^df the whole, or any part of the earth's surfabei, - 
eqittd differences of latitude are not represented by ex- 
aeily equal intervals of surface. 

{203.) To determine the latitude of a station, then, is 
easy. It is otherwise with its longitude, whose exact dd- 
tinrmination is a matter of more difficulty. The reason 
is tliis;— as there are no meridians marked upon the 
earth, any more than parallels of latitude, we are obliged 
in this case, as in the case of the latitude, to resort to 
marks external to the earth, t. c. to the heavenly bodies, 
for the objects of -our measurement; but with this dif- 
ference in the two cases — to observers situated at sta- 
tions On the same meridian (i. e. differing in latitude) 
the heavens present different aspects at all moments. 
The portions of them which become visible in a com- 
plete diurnal rotation are not ihe same, and stars which 
ariB common to both describe circles differently inclined 
to their horizons, and differently divided by them, and 
attain different altitudes. On the other hand, to ob- 
servers situated on the same parallel (i. e. differing only 
in longitude) ihe heavens present the same aspects. 
Their visible portions are the same ; and the same stars 
describe circles equally inclined, and' similarly divided 
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by their liorizona, and attain the BBine altitndeB. In the 
former cose there is, Ju the latter there is not, any thing 
in the appearance of the heavens, watched through a 
- whole diurnal rotation, which indicates a difference of 
locality in ihe observer. 

(304.) But no two observers, at different points of the 
earth's surface, can have at the same instant the same 
celestial hemieph ere visible. Suppose, to fix our ideas, 
an observer stationed at a given point of the equator, 
find that at the moment when be noticed some bright 
star to he in his zenith, and therefore on his mendiau, 

^ . he sbould he suddenly transported, in an instant of time, 

^S^Jr »^. round one quarter of the globe in a westerly direction, it 

■*' is evident that he will no longer have the same star ver- 

tically above him: it will now appear to him to be just 

rising, and he will have to wait six hours before it again 

j<. . comes to his zenith, i. e. before the earth's rotation fceia 
: ', . west to east carries him back again to the line joining 
the star and the earth's centre from which he set oaL 

(205.) The difference of the cases, then, may be thus 
stated, so as to alTord a key to the astronomical solution 
of the problem of the longitude. In the case of stalione 
iliffertng only in latitude, the same star comes to Ihe 
meridian at the same time, but at different alCiludes. in 
that of stations differing only in longitude, it comes to 
the meridian at the same altitude, but at different limea. 
Supposing, then, that an observer is in possession of any 
means by which he can certainly ascertain the time of a 
tnown star's transit across his meridian, he knows his 
longitude ; or if be knows the difference between its 
times of transit across his meridian and across that of 



place A at a certain moment, and that of B exactly one 
hour of sidereal time, or one twenty-fourth part of the 
earth's diurnal period, later, then the difference of longi- 
tudes between A. and B is one hour of time or 15°, aad 
B is so much west of A. 

(306.) In order to a perfectly clear understanding of 
the principle ou which the problem of finding the lougi- 
tiidi^ by astronomical observations is resolved, the readei 
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must learn to distinguish between time, in the abstract, 
as common to the whole universe, and therefore reckoned 
from an epoch independent of local situation, and local 
Hme, which reckons, at each particular place, from an 
epoch, or initial instant, determined by local convenience. 
Of time reckoned in the former, or abstract manner, we 
have an example in what we have before defined as equi- 
noctial time, which dates from an epoch determined by 
the sun's motion among the stars. Of the latter, or local 
reckoning, we have instances in every sidereal clock in 
an observatory, and in every town clock for common use. 
Every astronomer regulates, or aims at regulating, his 
sidereal clock, so that it shall indicate 0^ 0™ 0*, wh^h 'a 
certain point in the heavens, called the equinox, is on the 
meridian of his station. This is the epoch of his side- 
real time ; which is, therefore, entirely a local reckoning 
It gives no information to say that an event happened at 
•ueh and such an hour of sidereal time, unless we parti- 
eolflaze the station to which the sidereal time meant 
■pptttains. Just so it is with mean or common time. 
vUrfft also a local reckoning, having for its epoch mean 
iMWn, or the average of all the times Uiroughout the year, 
when the sun is on the meridian of that particular 
place to which it belongs^ and, therefore, in like man- 
ner, when we date any event by mean time, it is neces- 
sary to name the place, or particularize what mean time 
we intend. On the other hand, a date by equinoctial 
time is absolute, and requires no such explanatory ad- 
dition. 

(207.) The astronomer sets and regulates his sidereal 
clock by observing the meridian passages of the more 
conspicuous and well known stars. Each of these holds 
in the heavens a certain determinate and known place 
with respect to that imaginary point called the equinox, 
and by noting the times of their passage in succession by 
his clock he knows when the equinox passed. At that 
moment his clock*ought to have marked 0** 0" 0* ; and if 
it did not, he knows and can correct its error, and by the 
agreement or disagreement of the errors assigned by each 
star he can ascertain whether his clock is correetly repx* 
lated to go twenty-four hours in one diurnal (Period, mA ' 
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if not, can ascertain and allow for its rale. Tims, although 
his dock may not, and indeed cajuiot, either be set cor- 
rectly, or go truly, yet by applying its error and rale (as 
ihey are technically termed), he can correct its indications, 
and aacerlain the exact sidereal times corresponding to 
ihem, and proper to his locality. This indispensable 
operation iiS called getdng his local time. For siraplieity 
of explanation, however, we shall suppose the clock u 
perfect instrument ; or, which comes to the same thing, 
its error and rate applied at every moment it is conanlled, 
and included in its indications. 

(208.) Suppose, now, two observers, at distant sla- 
tions, A and B, each independently of the other, to set 
and regnfate his clock to the true sidereal lime of his 
station. It is evident Uiat if one of tticse clocks could 
be taken up without deranging its going, and set down by 
the side of the other, they would bo found, on compari- 
son, to differ by the esaci difference of their local epochs? 
that is, by the time occupied by the equinox, or by any 
star, in passing from tlie meridian of A to that of B : in 
olJier words, by their difference of longitude, expressed 
in sidereal hours, minutes, and seconds. 

(309.) A pendulnm clock cannot be thus taken up and 
transported from place to place without derangement, but 
a chronometer may. Suppose, then, the observer at B 
(o use a chronometer instead of a clock, he may, by bodily 
transfer of the instrument to the other station, procure a 
direct comparison of sidereal times, and thus obtain his 
longitude from A. And even if he employ a clock, yet 
by comparing it first with a good clironometer, and then 
transferring the latler instrument for comparison with the 
other clock, the same end will be accomphslied, provided 
the going of the chronometer can be depended on. 

(210.) Were chronomeUirs perfect, nothing more com- 
plete and convenient than this mode of ascertaining dif- 
ferences of longitude could be desired. An observer, 
provided with such an instrument, and with a portable 
transit, or some equivalent method of determining the 
local lime at any given station, might, by journeying 
from place to place, and observing the meridian passages 
of stars at each (taking care not to aller his chronoine 
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ter, or let it run down), ascertain their differences of lon- 
gitude with any required precision. In this case, the 
same time-keeper being used at every station, if, at one 
of them. A, it mark true sidereal time, at any other, B, 
it will be just so much sidereal time in error as the dif- 
ference of longitudes of A and B is equivalent to : in 
other words, the longitude of B from A will appear as the 
error of the time-keeper on the local time of B. If he 
travel westward, then his chronometer will appear con- 
tinually to gain, although it really goes correctly. Sup- 
pose, for instance^ he set out from A, when the equinox 
was on the meridian, or his chronometer at 0^, and in 
twenty-four hours (sid. time) had travelled 15° westward 
to B. At the moment of arrival there, his chronometer 
will again point to 0^ ; but the equinox will be, not on 
his new meridian, but on that of A, and he must wait 
one hour more for its arrival at that of B. When it 
4m8 arrive there, then his watch will point not to 0^, but 
Id 1\ and will therefore be i^ fmt on the local time of 
B« If he travel eastward, the reverse will happen. 

(211.) Suppose an observer now to set out from any 
station as above described, and constantly travelling 
westward to make the tour of the globe, and return 
to the point he set out from. A singular consequence 
wiU happen : he will have lost a day in his reckoning 
of time. He will enter the day of his arrival in his 
diary as Monday, for instance, when, in fact, it is Tues- 
day. The reason is obvious. Days and nights are 
caused by the alternate appearance of the sun and stars, 
as the rotation of the earth carries the spectator round 
to view them in succession. So many turns as he 
makes round the centre, so many days and nights will 
he experience. But if he travel once round the globe in 
the direction of its motion, he will, on his arrival, have 
really made one turn more round its centre ; and if in 
&e opposite direction, one turn lt99 than if he had re- 
mained stationary at one point of its surface : in the 
former case, then, he will have witnessed one alteration 
of day and night more, in the latter one less, than if he 
had trusted to the rotation of the earth alone to carry 
him round. As the earth revolves from west to east, i' 
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follows thai B westward direction nf his journey, by 
which he coonleracts its rotation, will cause him to lose 
a dav, and an eastward direction, by which he conspires 
with it, to gEun one. In the former case, all his days 
will be longer ; in the latter, shorter than those of a 
alationary observer. This contingency has actually hap- 
pened lo cireumnarigaiors. Hence, also, il must necea- 
sarily happen that distant settlements, on the same meti- 
dian, will differ a day in their nsual reckoning of time, 
according as they have been colonized by settlers arriving 
in an eastward or in a westward direction, — a circum- 
etapce which may produce strange confusion when they 
come to communicate with each other. The only mode 
of correcting the ambiguity, and settling the dispulet 
which such a difference may give rise to, consists in 
having recourse to the equinoctial date, which con nevei 
be ambiguous, 

(212.) Unfortimately for geography and navigatioa, 
the chronometer, though greatly and indeed wonderfiiliy 
improved by the skill of modem artists, is yet far too 
imperfect an instrument to be relied on implicitly. How 
ever such an inatniment may preserve its uniformity of 
rale for a few hours, or even days, yet in long absencet 
from home the chances of error and accident become ao 
multiplied as to destroy all security of reliance on even 
the best. To a certain extent this may, indeed, be reme- 
died by carrying out several, and using them as checks 
on each other ; but, besides the expense and trouble, this 
is only a palliation of ^e evil — the great and funda- 
mental, — as it is the only one lo which /he determination 
of longitudes by lime-kefpen is liable. It becomes ne- 
cessary, therefore, to resort lo other means of communi- 
cating from one station to another a knowledge of its 
local time, or of propagating from some princip^ station, 
as a centre, its local lime as a universal standard with 
which the local time at any other, however situated, may 
be at once compared, and thus the longitudes of all places 
be referred lo the meridian of such central point. 

(2ia.) The simplest and most accurate method by 
wJiich this object can be accomplished, wheu circuia- 
stances admit ot its adoption, is that by telegraphic sigiud. 
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Let A and B be two observatories, or other stations, pio- 
vided with accurate means of determining their respective 
local times, and let us first suppose them visible from 
each other. Their clocks being regulated, and their errors 
and rates ascertained and applied, let a signal be made at 
A, of some sudden and definite kind, such as the flash 
of gunpowder, the explosion of a rocket, the sudden ex- 
tinction of a bright light, or any other which admits of 
no mistake, and can be seen at great distances. The 
moment of the signal being made must be noted by each 
observer at his respective clock or watch, as if it were 
the transit of a star, or any astronomical phenomenon, 
and the error and rate of the clock at each station being 
applied, the local time of the signal at each is determined. 
Consequently, when the observers communicate their 
observations of the signal to each other, since (owing to 
the almost instantaneous transmission of light) it must 
have been seen at the same absolute instant by both, the 
difllbrence of their local times, and therefore of their 
longitudes, becomes known. For example ; at A the 
signal is observed to happen at 5^ 0" 0' sid. time at A, 
as obtained by applying the error and rate to the time 
shown by the clock at A, when the signal was seen there. 
At Bthe same signal was seen at 5** 4" 0*, sid. time at B, 
similarly deduced from the time noted by the clock at B, 
by applying its error and rate. Consequently, the diflfer- 
ence of their local epochs is 4" 0', which is also their differ- 
ence of longitudes in time, or 1° 0' 0" in hour angle. 

(214.) The accuracy of the final determination may 
be increased by making and observing several signals at 
stated intervals, each of which affords a comparison of 
times, and the mean of all which is, of course, more to 
be depended on than the result of any single comparison. 
By tins means, the error introduced by the comparison 
of clocks may be regarded as altogether destroyed. 

(215.) The distances at^which signals can be rendered 
visible must of course depend on the nature of the in- 
terposed country. Over sea the explosion of rockets 
may easily be seen at fifty or sixty miles ; and in moun- 
tainous countries the flash of gunpowder in an open 
spoon may be seen, if a proper station be chosen for {ti 
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exhibition, at much greater distances. I'he interval be- 
tween the stationB of observation may also be iuoreosed 
by causing the signals to be made sot at one of them, 
but at an intermediate point ; for, provided they are seen 
by both parties, it is a matter of indifference where they 
are exhibited. Stiil the interval which coidd be thus 
embraced would be very limited, and the method in con- 
sequence of little use, but for the following iogenioua 
contrivance, by which it can be extended to any distance, 
and carried over any tract of country however difficult. 
(216.J This contrivance consists in eatabliahiug, be- 
tweeen the extreme stations, whose difference of longi- 
tude is to be ascertained, and at which the local timea 
are observed, a chain of intermediate stations, alternately 
destined for signals and for observers. Thus, let A. and 
Z be the extreme stations. At B let a signal station be 
established, at which rockets, &c. are fired at staled in* 
tervals. At C let an observer be placed, provided with 
a chronometer ; at D, another signal station ; at £, aa- 
otfier observer and chronometer ; and so on till the whole *j 
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line is occupied by stations ao arranged, thai the signals 
at B can be seen from .4 and C ; tbose at D, from C and 
E ; and so on. Matters being thus arranged, and the 
errors and rates of the clocks at A and Z ascertained by 
astronomical observation, let a signal be made at D, and 
observed at A and C, and the times noted. Thus the 
difference between A'a clock and C's chronometer be- 
comes known. After a short interval (five minutes for 
instance) let a signal be made at D, and observed by C 
and E. Then will the difference between iheir respec- 
tive chronometers be determined ; and the difference 
between the former and the clock at A being already as- 
certained, the difference between the clock A and chro- 
Vfiipefej if is therefore known. This, however, supposes 
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thai the intermediate chronometer C has kept true side- 
real time, or at least a known rate, in the interval between 
the signals. Now this interval is purposely made so 
very short, that no instrument of any pretension to cha 
racter can possibly produce an appreciable amount of 
error in its lapse. Thus the time propagated from A to 
C may be considered as handed over, without gain or 
loss (save from error of observation), to E. Similarly, 
by the signal made at F, and observed at £ and Z, the 
time so transmitted to £ is forwarded on to Z ; and thus 
at length the clocks at A and Z are compared. The 
process may be repeated as often as is necessary to 
destroy error by a mean of results ; and when the line 
of stations is numerous, by keeping up a succession 
of signals, so as to allow each observer to note, al- 
ternately those on either side, which is easily pre- 
arranged, many comparisons may be kept running along 
the line at once, by which time is saved, and other ad- 
vantages obtained.^ In important cases the process is 
usually repeated on several nights in succession. 

(217.) In place of artificial signals, natural ones, when 
they occur sufficiently definite for observation, may be 
equally employed. In a clear night the number of those 
singular meteors, called shooting stars, which may be 
observed, is usually very great ; and as they are sudden 
in their appearance and disappearance, and from the 
great height at which they have been ascertained to take 
place are visible over extensive regions of the earth's 
surface, there is no doubt that they may be resorted to 
with advantage, by previous concert and agreement be- 
tween distant observers to watch and note them.t 

(218.) Another species of natural signal, of still gre?ter 
extent and universality (being visible at once over a whole 
terrestrial hemisphere), is afforded by the eclipses of 
Jupiter's satellites, of which we shall speak more at large 
when we come to treat of those bodies. Every such 
eclipse is an event which possesses one great advantage 

* For a eompleto aocoont of this method, and the mode of deducing 
t^ moBt advantegeoiH retult ihmi a combination of all the obeervatioiiib 
•ee a paper on the difierence of loogitudes of Greenwich and Parii^ Fhil. 
Trans. 1826 ; by the author of diis volume. 

t Thkidea was first suggested by the late Df. Bfaskelyne. 
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in its applicability In ihe purpose in qiicEtion, viz. ihst 
the time of its linppenine, at any fixed atalion, such as 
tlreenwicb, can be predicled from a long course of pre- 
vious recorded ohaervation and calculation thereon found- 
ed, and that this prediction is sufticientlj precise and 
certain, to stand in the place of a corresponding obser- 
ration. So that an observer at any other station wher- 
ever, who shall have observed one or more of these 
eclipseJt'anc) asccrisined his local time, instead of waiting - 
for a communication with Greenwich, to inform him at 
what moment tiie eclipse took place there, may use the 
predicted Greenwich lime instead, and thence, at once, 
and on the spot, determine his longitude. This mode 
of ascertaining longitudes is, however, as will hereafter 
appear, not susceptible of great esaclness, and should 
only be resorted to when others cannot be had. * The 
nature of the observstiun also is suoh that it cannot be 
made at sea ; so that, however useful to the geographer, 
it ie of no advantage to navigation. 

(21ii.) But sudh phenomena as these are of only oeea- 
flionfl occurrence ; and in iheir inler^'als, and when cut off 
from all communication with any fixed station, it is indis- 
pensable to posses '■ some means of determining longi- 
tudes, on which not only the geographer may rely for a 
knowledge of the exact position of important stations on 
land in remote regions, but on which he navigator can 
securely stake, at every instant of his adventurous course, 
the lives of himself and comrades, the interests of hia 
country, and tjie fortunes of his employers. Such a me- 
thod is afTordcd by Lcnar Observations. Though we 
have not yet introduced the reader to the phenomena of 
the moon's motion, this will not prevent us from giving 
here the exposition of the principle of the lunar method ; 
on the contrary, it will he highly advantageous to do so, 
since by this course we shall have to deal with the 
naked principle, apart from all the peculiar sources of 
difficulty with which the lunar theory is encumbered, 
but which are, in fact, completely extraneous to the 
principle of its application to th« problem of the longi- 
tudes, which is quite elementary. 

(2:^0.) If there were in the heavens a clock furnished 
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with a dial-plate and hands, which always marked 
Greenwich time, the longitude of any station would be 
at once determined, so soon as the local time was 
known, by comparing it with this clock. Now, the 
offices of the dial-plate and hands of a clock are these : — 
the former carries a set of marks upon it, whose position 
is known ; the latter, by passing over and among these 
marks, informs us, by the place it holds with respect to 
them, what it is o'clock, or what time has elapsed since 
a certain moment when it stood at one particular spot, 

(221.) In a clock the marks on the dial-plate are uni- 
formly distributed all around the circumference of a cir- 
cle, whose centre is that on which the hands revolve with 
a uniform motion. But it is clear that we should, with 
equal certainty, though with much more trouble, tell 
what o'clock it were, if the marks on the dial-plate 
were unequally distributed, — ^if the hands were eccentric, 
and their motion not uniform, — provided we knew, 1st, 
the exact intervals round the circle at which the hour 
and minute marks were placed ; which would be the case 
if we had them all registered in a table, from the results 
of previous careful measurement : — 2dly, if we knew 
the exact amount and direction of eccentricity of the 
centre of motion of the hands ; — and, 8dly, if we were 
folly acquainted with all the mechanism which put the 
hands in motion, so as to be able to say at every instant 
what were their velocity of movement, and so as to be 
able to calculate, without fear of error, how much time 
should correspond to so much angular movement, 

(222.) The visible surface of the starry heavens is the 
dial-plate of our clock, the stars are the fixed marks dis- 
tributed around its circuit, the moon is the moveable 
hand, which, with a motion that, superficially consider- 
ed, seems uniform, but which, when carefully examined, 
is found to be far otherwise, and regulated by mechanical 
laws of astonishing complexity and intricacy in result, 
though beautifully simple in principle and design, per- 
forms a monthly circuit among them, passing visibly 
over and hiding, or, as it is called, occulting, some, and 
gliding beside and b^ween others ; and whose position 
among them can, at any moment when it is visible, be 
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■ixacdy measiired by the hulp of a sextant, jiiit as we 
might measure the place of our clock-hand among the 
marks on its dial-plate with s pair of compasses, and 
thence, from the known and calculated laws of its mo- 
tion, deduce the time. That the moon does so move 
among the stars, while the latter hold constantly, with 
respect (o each oilier, the same relative position, ihe no- 
lice of a few nights, or even hours, will satisfy the com- 
mencing student, and this is all that at present we require. 

(323.) There is only one circumstance wanting to 
make our analogy complete. Suppose the hands of our 
clock, instead of moving guile close to the dial-plate, 
were considerably elevated above, or distant in front of 
it. Unleas, then, in viewing it, we kept our eye just ia 
the line of tiieir centre, we should not see them exactly 
thrown or projected upou their proper places on the dial. 
And if wc were either unaware of this cause of optical 
change of place, this parallax — or negligent in not 
taking it into account — >wc might make great mistakes 
in reading the lime, by referring Ihe hand to the wrong 
mark, or incorrectly appreciating its distance from the 
right. On the other hand, if we look care to note, in 
every case, when we had occasion to observe the time, 
the exact position of the eye, there would be no difficulty 
in ascertaining and allowing for the precise influence 
of this cause of apparent displacement. Now, this a 
just what obtains with the apparent motion of the moon 
among the stars. The former (as will appear) is com- 
paratively near to the earth — the latter immensely dis- 
tant; and in consequence of our not occupying the cen- 
tre of Ihe earth, but being carried about on its surface, and 
constantly changing place, there arises a parallax, which. 
displaces the moon apparently among the stars, and must 
be allowed for before we can tell the true place she 
would occupy if seen from the centre. 

(224.) Such a cluck as we have described might, no 
doubt, be considered a very bad one ; but if it were our 
onli/ one, and if incalculable interests were at stake on 
a perfect knowledge of lime, we should justly regard it 
as most precious, and tliink no p»uw,ill bestowed in stu- 
dying the laws of its movements, or in facililatiog the 
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means of reading it correctly. Such, in the parallel we 
are drawing, is the lunar theory, whose object is to 
reduce to regularity the indications of this strangely 
irregular-going clock, to enable us to predict, long before- 
hand, and with absolutely certainty, whereabouts among 
the stars, at every hour, minute, and second, in every 
day of every year, in Greenwich local time, the moon 
would be seen from the earth's centre, and will be seen 
from every accessible point of its surface ; and such is 
the lunar method of longitudes. The moon's apparent 
angular distances from all those principal and conspicu- 
ous stars which lie in its course, as seen from the earth's 
centre, are computed and tabulated with the utmost care 
and precision in almanacs published under national 
control. No sooner does an observer, in any part of 
the globe, at sea or on land, measure its actual distance 
from any one of those standard stars (whose places in 
the heavens have been ascertained for the purpose with 
the most anxious solicitude), than he has, in fact, per- 
formed that comparison of his local time with the local 
times of every observatory in the world, which enables 
him to ascertain his difference of longitude from one or 
all of them. 

(225.) The latitudes and longitudes of any number 
of points on the earth's surface may be ascertained by 
the methods above described ; and by thus laying down 
a sufficient number of principal points, and filling in the 
intermediate spaces by local ^ surveys, might maps of 
counties be constructed, the outlines of continents and 
islands ascertained, the courses of rivers and mountain 
chains traced, and cities and towns referred to their pro- 
per localities. In practice, however, it is found simpler 
and easier to divide each particular nation into a series 
of great triangles, the angles of which are stations con- 
spicuously visible from each other. Of these triangles, 
the angles only are measured by means of the theO' 
dolite, with the exception of one side only of one trian- 
gle, which is called a base, and which is measured with 
every refinement which ingenuity can devise or expense 
command. This base if of moderate extent, rarely sur- 
passing six or seven miles, and purposely selected in a 
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perfectly liorizonlal plane, otherwise convenienilv adapt- 
ed for purposes of niRaaurement. Its length between iR 
two extreme point* (which are dots on plates of gold or 
platina let into massive blocks of 8tone, and whiuh are, 
or at least ovglit to be, in all cases preserved with alinoBt 
reli^ous care, as monuniental records of the highest im- 
portance), is then measured, with every precaution to 
insure preciBion,* and its position with respect to tlie 
meridian, a» well as the geo^phical poeitions of its ex- 
tremities, carefully ascertained. 

(22fi.) The annexed fi^re represents such a chain of 
triangles. _AB is ilie hase, O, C, stations visible fram 




both its extremities (one of which, 0, we will suppose 
to he a national ohservalory, with-frtiich it is a principal 
object that the base should be as closely and immedi- 
ately connected as possible); and D, E, F, G, H, K, 
other stations, remarkable points in the county, by whose 
connexion its whole surface may be covered, as it were, 
with a network of triangles. Now, it is I'videnl thai the 
angles of the ttiangte A, B, C being obseived, and one 
of its sides, AB, measured, the other two sides, AC, BC, 
may be calculated by the rules of trigonomott y ; and thus 
each of the sides AC and BC becomes in its turn a bate 
capable of being employed as known sides of other tri- 
angles. For instance, the angles of the IriangU'S ACG 
and UCP being known by observation, and theii sides 
AC and BC, we can thence calculate (he lengths AG.CG, 
and ISF, CF. AgLiin, CO and OF being known, and 
llie included angle GCF, GF may be calculated, and so 

* Tlie grealnt patiiliU error in (he Iririi base of between ■( 
eiehl miles, neir LDndondeirji. n mppoied nol to exceed tn-a in 
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on. Thus may all the stations be accurately determined 
and laid down, and as this process may be carried on to 
any extent, a map of the whole county may be thus con- 
structed, and filled in to any degree of detail we please. 

(227.) Now, on this process there are two important 
remarks to be made. The first is, that it is necessary 
to be careful in the selection of stations, so as to form 
triangles free from any very great inequality in their an- 
gles. For instance, the triangle KBF would be a very 
improper one to determine the situation of F from obser- 
vations at B and K, because the angle F being very acute, 
a small error in the angle K would produce a great one 
in the place of F upon the line BF, Such ill'condidoned 
triangles, therefore, must be avoided. But if this be at- 
tended to, the accuracy of the determination of the calcu- 
lated sides will not be much short of that which would 
be obtained by actual measurement (were it practicable) ; 
and, therefore, as we recede from the base on all sides 
as a centre, it will speedily become practicable to use as 
bases the sides of much larger triangles, such as GF, 
GH, HK, &c. ; by which means the next step of the 
operation will come to be carried on on a much larger 
scale, and embrace far greater intervals, than it would 
have been safe to do (for the above reason) in the imme- 
diate neighbourhood of the base. Thus it becomes easy 
to divide the whole face of a country into great trian- 
gles of from 30 to 100 miles in their sides (according to 
the nature of the ground), which, being once well deter- 
mined, may be afterwards, by a second series of subordi- 
nate operations, broken up into smaller ones, and these 
again into others of a still minuter order, till the final fill- 
ing in is brought within the limits of personal survey and 
draftsmanship, and till a map is constructed, with any 
required degree of detail. 

(228.) The next remark we have to make is, that all 
the triangles in question are not, rigorously speaking, 
plane, but spherical — existing on the surface of a sphere, 
or rather, to speak correctly, of an ellipsoid. In very 
small triangles, of six or seven miles in the side, this 
may be neglected, as the difference is imperceptible ; but 
in the larger ones it must be taken into consideration. 

O 



It is eviiient flial, ae every flbject useJ for pointing the 
telescope of a theodolite haa some certain elevation, nol 
only above the so»7, but above the level of the aea, and aa, 
moreover, these elevationa differ in every instance, a re- 
duction to the horizon of all the measured angles would 
appear lo be required. But, in fact, by the constmetion 
of the theodolite (art. 155), which is nothing more than 
an altitude and azimuth instrument, Ihis reduclion is made 
in the very act of reading off the horizontal angles. Let 
E be the centre ot the earth ; 
Ji^k, B, C. the places on its sphe- 
rical surface, lo which tliree 
stations. A, P, Q, in a counlry 
referred by radii E, A, 
EBP, ECQ. If a ilieodolite 
he stationed at A, the axis of ita 
horizontal circle will point to E 
when truly adjusted, uid its 
plane will be a tangent lo ihe 
sphere at A, intersecting the ra- 
dii EBP. ECQ, at M and N, 
above the spherical surface. 
The telescope of the theodolite, 
it Is true, is prointed in succes- 
sion 10 P, and Q ; but the readings off of its azimuth 
circle give — jiol the angle PAQ between the directions 
of the telescope, or between the objects P, Q, as seen 
fr'im A ; but lie asimulhat angle MAn, which m the 
measure of the angle A of the spherical triangle. BAC. 
Hence arises this remarkable circumstance, — thai the sum 
of the three observed angles of any of the great trianglea 
in geodesical operations is always fotind to be rather more 
ilian 180° : were the earth's surface a plant, it onght to 
be exactly 180° ; and this excess, which is called the 
spherical excess, is so far from being a proof of incorrect- 
ness in the work, that it is essential to its accuracy, afid 
offers at the same time another palpable proof of the 
earth's sphericity. 

(239.) The true way, then, of conceiving the subject 
of a trigonometrical survey, when the spherical for— -*■ 
ilie earth is taken into consideration, is lo regard tbi. ,. 
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work of triangles with which the country is covered, as 
the bases of an assemblage of pyramids converging to the 
centre of the earth. The theolodite gives us the true 
measures of the angles included by the planes of these 
pyramids ; and the surface of an imaginarv sphere on 
the level of the sea intersects them in an assemblage of 
spherical triangles, above whose angles, in the radii pro^ 
longed, the real stations of observation are raised, by the 
SQperficial inequalities of mountain and valley. The ope- 
Tose calculations of spherical trigonometry which tiiis 
consideration would seem to render necessary for the re« 
ductions of a survey, are dispensed with in practice by a 
very simple and easy rule, called the rule for the spheri' 
eal excess^ which is to be found in most works on trigo- 
nometry.* If we would take into account the ellipticity 
of the earth, it may also be done by appropriate processes 
of calculation, which, however, are too abstruse to dwell 
upon in a work like the present. 

(230.) Whatever process of calculation we adopt, the 
result will be a reduction, to the level of the sea, of all the 
triangles, and the consequent determination of the geo- 
graphical latitude and longitude of every station observed. 
Thus we are at length enabled to construct maps of 
countries ; to lay down the outlines of continents and 
islands ; the courses of rivers ; the direction of mountain 
ridges, and the places of their principal summits ; and 
all those details which, as they belong to physical and 
statistical, rather than to astronomical geography, we 
need not here dilate on. A few words, however, will be 
necessary respecting maps, which are used as well in 
astronomy as in geography. 

(231.) A map is nothing more than a representation, 
upon a plane, of some portion of the surface of a sphere, 
on which are traced the particnlan intended to be ex- 
pressed, whether they be continuous outlines or points. 
Now, as a spherical surfacet can by no contrivance 
be extended or projected into a plane, without undue 

* Lardner*8 Trigonometry, prop. 94. Woodhouse's ditto, p. 148. lit 
editi<m. 

t We here neglect the elliptieitjr of the earth, which, for such a pui^ 
po0e as map-making, is too trifling to have any material influence. 
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enlorgement or coiiiractioii of sonio |ia.rla in proportion 
to oriiers ; and as the ayetaiii Fulopled in so extending or 
projecting it will decide tehal part sliall be enlarged or 
relatively coQtracted, and in wliatproportiuns; it foUowa, 
that wlien large portions of the B|i!icre are to be mapped 
down, a great difierencfl in their representations may 
mibsist, according to the system of projection adopted. 

(332.) The projeetions chiefly used in niapa are tlie 
ortkograpMc, stereographic, and Mercator't. In the 
orlkograpkic projection, every point of tlie hemiephere 
isrcferredtoitsdiametralplaneorbase, by a perpendicular 
tel fall on it, so that the representation cj the hemisphere 
'luB mapped on its base, ia such 
1 it would actually appear to 
1 eye placed at an infinite dia- 
Loce from it. it is obvioui, 
\ from the annexed figure, that 
I ihia projection only the 
;ntra] portions are repreacnled 
of their true forms, while all the exterior is more and 
more distorted and crowded together as we approach iJie 
edges of the map. Owiiig to this cause, the orthogra- 
phic projection, thougli very good for small porUous of 
the globe, is of little service for large ones. 





-^ 



(233.) The afereographie projection is in greal mea- 
mre free from tliis defect. To understand this projectioni 



t.. 



F 



VOAP. in. J MKiiCiTuu'a projection 147 

we must conceive nn eye lo be placed at E, one extremity 
of 3 diBBieter, ECB, of t)ie sphere, and to view tlie 
concare snrfane of Ihe sphere, Cvery point of which, as 
P, is referred to the diametral plane ADF, perpendicular 
to EB by Ike visual line PME. The Btereographic pro- 
jection of a aphew. then, is a true perspective represei*- 
lation of its concavity on a diamelrai plane ; and, as 
sucii, it possesses some singularly elegant geomelrical 
propertieg, of which we ehaU stale one or two of the 
principal. 

(234.) And first, then, all oiroles on the sphere are re- 
presented by circles in the projection. Thus the circle 
Xis projected into x. Only great circles passing throu^ 
the vertex B are projected iato straight lines traversing 
the centre C : thus, BPA is projected into CA, 

2dly. Every very small triangle, GHK, on (he sphere, 
is repre-senled by a similar triangle, ghk, in the projec- 
tion. This is a very raluable properly, as it insures a 
general similarity of appearance iu the map to the reality 
in all its parts, and enables us to project at least a hemi- 
sphere in a Eingle map, witiiout any violent distortion 
□f the canfiguraUons ou the surfune from their real forms. 
As in the orthographic projection, the borders of the 
hemisphere are unduly crowded together ; in the stereo- 
graphic, their projected dimensions are, on the contrary, 
somewhat enlarged in receding from the centre, 

fS35.) Both these projecliona may be considered jla- 
twal ones, inasmuch as they are really perspectiver 
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presentations of the sarface on a plane. Mercator's 
entirely an artiticial one, representing the aphen aa 
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cannol be seen from any one point, but as it might be 
seen by an nje carried avccessively over every part of it. 
In it, thi: i egrecs of longitude, and those of latitude, 
bear alwsj I Va each omit their due proportion ; the 

'^ equator ia onceived to be extended out into a straj^bt 
line, and the meridians are straig'ht lines at right angles 
to it, as in the figure. Altoge^er, the general character 
af maps on this projectioD is not very dissimilar to 
what wonld he prodacea by referring every point in the 
glol)c to a circumscribing cylindT, by lines drawn from 
the centre, and then unrolling the eylinder iuto a plane. 
Like the alereographic projection, it gives a true repre- 
-flentalion, as \,oform, of every particular small part, but 
Taries greatly in point of tcah in its different regions ; 
ihe polar portions in particular being extravagantly en- 
« largcd ; and the whole map, even of a single hemisphere, . 
not being comprizable within any finite limits. 

(336.) We shall not, of course, enter here into any 
geographical details ; hot one resuljof maritime discovery 
on the great scale is, so to Epeak, massive enough to cidl 

■ for mention as an astronomical feature. When the con- 
tinents and leas are laid down on a globe (and since the 
discovery of Auslralia wo arc sure thai no very extensive 
tracts of land remain unlinown, except perhaps at the 
Eoutli pule), we find that it is possible so to divide the 
globe ijito two hemiaphecea, that one shall contain nearly 
at/ the land ; the other being almost entirely sea. It is 
a fact, not it little interesting to Englishmen, and, coio- 
bined with our insular station in that great highway of 
nations, the Atlantic, not a little explanatory of our com- 
mercial- eminence, that London occupies nearly the centre 
of (he terrflBtrial hemisphere. Astronomically speakingj 
the fact of (his divisibility of the globe into an oceanic 
and a terrestrial hemisphere is important, as demonstni- '' 
tire of a want of absolute equality in the density of the 
solid material of the two hemisptieres. Considering the 
whole mass of land and water as in a stale of equili' 
brium, it is evident that the half which protrudes must 
of necessity be buoyant: not, of course, that we mean 
to assert it to be lighter than wJO/er, but, as c 
with the whole globe, in a less degree heal 
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that fluid. We leave to geologists to draw from these 
premises their own conclusions (and we think them ob- 
vious enough) as to the internal constitution of the globe, 
and the immediate nature of the forces which sustain its 
Qpntinents at their actual elevation ; but in any future 
investigations which may have for their object to explain 
the local de nations of the intensity of gravity, from 
what the hypothesis of an exact elliptic figure would 
require, this, as a general fact, onghtnot to be lost sight of. 

(237.) Our knowledge of the surface of our globe is 
incomplete, unless it include the heights, above the sea 
level of every part of the land, and the depression of the 
bed of the ocean below the surface over all its extent. 
The latter object is attainable (with whatever difficulty 
and however slowly) by direct sounding ; the former by 
two distinct methods : the one consisting in trigonome- 
trical measurement of the diff'erences of level of all the 
stations of a survey ; the other, by the use of the baro- 
meter, the principle of which is, in fact, identical with 
that of the sounding line. In both cases we measure the 
distance of the point whose level we would know from 
the surface of an equilibrated ocean: only in the one 
case it is an ocean of water ; in the other, of air. In 
the one case our sounding line is real and tangible ; in 
the other, an imaginary one, measured by the length of 
the column of quicksilver the superincumbent air is ca- 
pable of counterbalancing. 

(238.) Suppose that instead of air, the earth and 
ocean were covered with oil, and that human life could 
subsist under such circumstances. Let ABODE be a 




(Mmtinent, of which the portion ABO projects above the 
water, but is Covered by the oil, which also floats at an 
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uniform depth on the whole ocean. Then if we would 
know the depth of any point D below the sea level, we 
let down a plummet from F. But if we would know the 
height of B above the same level, we have only to send 
up a float from B to the surface of the oil ; and having 
done the same at C,a point at the sea level, the difference 
of the two float lines gives the height in question. 

(289.) JNow, though the atmosphere diflers from oil 
in not having a positive- «t/f/*ace equally definite, and in 
not being capable of carrying up any float adequate to 
such a use, yet it possesses all the properties of a fluid 
really essential to the purpose in view, and this in par- 
ticular ; that, over the whole surface of the globe, itii 
strata of equal density are parallel to the surface of equi- 

.librium, or to what would be the surface of tlie sea, if 
prolonged under the continents, and therefore each or 

- any of them has all the characters of a definite surface to 
measure from, provided it can be ascertained and identi- 
fied. Now the height at which, at any station B, the 
mercury in a barometer is supported, informs us at 
once how much of the atmosphere is incumbent on B, 
or, in other words, in what stratum of the general at- 
mosphere (indicated by its density) B is situated : 
whence we are enabled finally to conclude, by mechani- 
cal reasoning,* at what height above the sea level that 
degree of density is to be found over the whole surface 
of the globe. Such is the principle of the application of 
the barometer to the measurement of heights. For de- 
tails, the reader is referred to other works. t 

(240.) Possessed of a knowledge of the heights of 
stations above the sea, we may connect all stations at the 
same altitude by level lines, the lowest of which will be 
the outline of the sea-coast ; and the rest will mark out 
the successive coast-lines which would take place were 
the sea to rise by regular and equal ascensions of level 
over the whole world, till the highest mountains were 
submerged. The bottoms of valleys and the ridge-lines 

* See Cab. Cycl. Pkeumatics, art. 143. 

t Biot, Astronomio Physique, vol 3. For tables, lee the work of Biot 
cited. Also those cfOltmann, annually published by the French board 
of lonsitades in their Annaaire ; and Mr. Baily's Colleotiaii of A 
mical TTablea and Formuls. 
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of hills are determined by their property of intersecting 
all these level lines at right angles, and being, subject to 
ihat condition, the shortest and longest courses respec- 
tiyely which can be pursued from the summit to the tea. 
The former constitute the water-courses of a country ; 
the latter divide it into drainage basins : and thus origi- 
nate natural districts of the most ineffaceable character, 
on which the distribution, limits, and peculiarities of hu- 
man eommunities are in great measure dependent. 
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CHAPTER IV. 

OF URANOGRAFHY. 

CooBtniclion of celestial Maps and Globes lay Observations of rigbt As- 
oeoaon and Declination-- Celestial Objects distinguished into fixed 
and erratic — Of the Constellations — ^Natural Regions in the Heavens 
—The Mnky Way— The Zodiac— Of the Ecliptic— Celestial Latitudes 
and Longitudes — Precession of the £quinozes^Nutatipn — Aberration 
— -Uianographical Problems. 

(241.) The determination of the relative situations of 
objects in the heayens, and the construction of maps and 
globes which shall truly represent their mutual configu- 
rations, as well as of catalogues which shall preserve a 
more precise numerical record of the position of each, is 
a task at once simpler and less laborious than that by 
which the surface of the earth is mapped and measured. 
Every star in the great constellation which appears to 
revolve above us, constitutes, so to speak, a celestial sta- 
tion ; and among these stations we tnay, as upon the 
earth, triangulate, by measuring with proper instruments 
their angular distances from each other, which, cleared 
of the effect of refraction, are then in a state for laying 
down on charts, as we would the towns and villages of a 
country ; and this without moving from our place, at least 
for all the stars which rise above our horizon. 

(242.) Great exactness might, no doubt, be attained 
by this means, and excellent celestial charts constructed ; 
but Uiere is a far simpler and easier, and, at the same 
time, infinitely more accurate course laid open to us, if 
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we take advantage of ihe earth's rolalion on its axis, and 
by observing each celestial object as it paases our meri- 
dian, refer it separately anil independently to the celes- 
tial equator, and thus ascertain its place on the surface 
of an imaginary sphere, which may be conceived to re- 
vive with it, and on which it may be considered as pro- 
jected. 

(343.) The right ascension and declination of a point 
in the heavens correspond to the longitude and latitude 
of a station on the earth ; and the place of a. star on a 
celestial sphere is determined, when the former elements 
are known, just as that of a town on a map, by knowing 
the latter. The great advantages which the method of 
meridian observation possesses over that of triangula- 
tion from star to star, are, then, 1st, that in it every star 
is observed in that point of its diurnal course, when it is 
best seen and least displaced by refraction. 2dly, that 
the instrumenlB required (tlie transit and mural circle) 
are the simplest and least liable to error or derangement 
of any used by astronomers. 3dly, that all the observa- 
tions can be made syatematteally, in regular succession, 
and with equal advantages ; there being here no ques- 
tion about advantageous or disadvantageous triangles, 
&c. And, lastly, that, by adopting this course, the very 
quantiues which we should otherwise have to calculate 
by long and tedious operations of spherical trigonometry, 
and which are essential to the formation of a catalogue, 
are made the objects of immediate measurement. It is 
almost needless to state, then, diat this is ihe course 
adopted by astronomers. 

(244.) To determine tlie right ascension of a celestial 
object, all that is necessary is to observe the moment of 
its meridian passage with a transit instrument, by a clock 
regulated to exact sidereal lime, or reduced to such by ap- 
plying its known error and rale. The rate may be ob- 
tained by repeated observations of the same star at its 
successive meridian passages. The error, however, re- 
quires a knowledge of the tquinQX, or initial point from 
which all right ascensions in the heavens reckon, as lon- 
gitudes do on the earth from a first meridian. 

(245.) .The natore of this point will be explained pre 
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sently ; but for the purposes of uranography, in so far as 
they concern only the actual configurations of the stars 
inter sty a knowledge of the equinox is not necessary. 
The choice of the equinox, as a zero point of right as- 
censions, is purely artificial, and a matter of convenience : 
but as on the earth, any station (as a national observa- 
tory) may be chosen for an origin of longitudes ; so in 
uranography, any conspicuous star may be selected as an 
initial point from which hour angles may be reckoned, 
and from which, by merely observing differences or in- 
tervals of time, the situation of all others may- be de- 
duced. In practice, these intervals are affected by cer- 
tain minute causes of inequality, which must be allowed 
for, and which will be explained in their proper places. 

(246.) The declinations of celestial objects are ob- 
tained, 1st, By observation of their meridian altitudes, 
with the mural circle or other proper instruments. This 
requires a knowledge of the geographical latitude of the 
station of observation, which itself is only to be obtained 
by celestial observation. 2dly, And more directly by ob- 
servation of their polar distances on the mural circle, 
as explained in art. 136, which is independent of any 
previous determination of the latitude of the station ; 
neither, however, in this case, does observation give 
directly and immediately the exact declinations. The 
observations require to be corrected, first for refraction, 
and moreover for those minute causes of inequality which 
have been just alluded to in the case of right ascensions. 

(247.) In this manner, then, may the places, one 
among the other, of all celestial objects be ascertained, 
and maps and globes constructed. Now here arises a 
very important question. How far are these places per- 
manent ? Do these stars and the greater luminaries of 
heaven preserve for ever one invariable connexion and 
relation of place inter se, as if they formed part of a 
solid though invisible firmament; and, like the great 
natural landmarks on the earth, preserve immutably the 
same distances and bearings each from the other ? If so, 
the most rational idea we could form of the universe 
would be that of an earth at absolute rest in the centre, 
and a hollow crystallind sphere circulating round it, and 
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carrying inni mooiii and etara along in its diurnal mo 
tion. If not, we mnet dismiss all such uotions, and 
inquire individually into the distinct liistory of each ob- 
ject, with a view to diec-overing the laws of ita peculiar 
motions, and whether any and what other connexion 
aubeists between them, 

(848.) So far ie this, however, from being the case, 
that oWervBtion, even of the most cursory nature, are 
sufficient to show that some, at least, of the celestial 
bodies, and those the moe^t conspicuous, are in a etate 
of continual change of place among the reet. In the 
case oi" the moon, indeed, the change is so rapid and re- 
markable, that its alteration of situation with respect to 
such bright stars as may happen lo be nearil, may be 
noticed any fine night in a few hours ; and if noticed on 
two successive mghts, cannot fail lo strike the most care- 
less observw. With the sun, too, the change of place 
among the stars is const&nt and rapid ; though, from llie 
invisibility of stars to the naked eye in the day-time, it 
is not so readily recognisnl, and require i either the use 
of telescopes and angulnr instruments to measnre it, or 
a longer continuance of obscrvniion to be stntck with it. 
Nevertheless, it is only neccssan- to call lo mind its 
greater meridian altitude in ^limiiUT limn in winter, and 
the fact that die stars which come into view at ni^t 
vary with the season of the year, to perceive that a great 
change musi have taken place in that interval in its re- 
lative situation with respect to all the stars. BcRdes the 
sun and moon, too, there are several other bodies, called 
planets, which, for the most part, appear to the naked 
eye only as the largest and most brilliant stars, and which 
offer the same phenomenon of a constant change of place 
aiming the stars ; now approaching, and now receding 
from, such of ihem as we mav refer them to as marius; 
and. some in longer, some in shorter periods, making, 
like ihe sun and moon, the complete tour of the heavens. 

('i49.1 These, however, are excepbous to the general 
rule. The innumerable multitude of the stars which are 
distributed over the vault of the heavens form a const^ 
'ation. Mhich preserves, not only to the eye of the casoil 
')b^rver, but to the nice examination oTlhe asinnoaoer. 
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a uniformity of aspect which, when contrasted with 
the perpetual change in the configurations of the sun, 
moon, and planets, may well be termed invariable. 
It is not, indeed, that, by the refinement of eiact mea- 
surements prosecuted from age to age, some small 
changes of apparent place, attributable to no illusion 
and to no terrestrial cause, cannot be detected in some 
of them ; — such* are called, in astronomy, the "^proper 
motions of the stars ; — ^but these are so excessively slow, 
that their accumulated amount (even in those stars for 
which they are greatest) has been insufficient, in the 
whole duration of astronomical history, to produce any 
obvious or material alteration in the appearance of the 
starry heavens. 

(250.) This circumstance, then, establishes a broad 
distinction of the heavenly bodies into two great classes ;- 
-^the fixed, among which (unless in a course of obser- 
vations continued for many years) no change of mutual 
situation can be detected ; and the erratic, or wandering 
—(which is implied in the word planet*) — including the 
sun, moon, and planets, as well as the singular class of 
bodies termed comets, in whose apparent places among 
the stars, and among each other, the observation of a few 
days, or even hours, is sufficient to exhibit an indisputa- 
ble alteration. 

(251.) Uranography, then, as it concerns the fixed 
celestial bodies (or, as they are usually called, the Jiai^ 
stars), is reduced to a simple marking down of their re- 
lative places on a globe or on maps ; to the insertion on 
that globe, in its due place in the great constellation of 
the stars, of the pole df the heavens, or the vanishing 
point of parallels to the earth's axis ; and of the equa- 
tor and place of the equinox : points and circles these, 
which though artificial, and having reference entirely to 
our earth, and therefore subject to all changes (if any) to 
which the earth's axis may be liable, are yet so con- 
venient in practice, that they have obtained an admission 
(with some other circles and lines), sanctioned by usage, 
in all globes and planispheres. The reader, however, 
will take care to keep them separate in his mind, and to 

* iixsvqTisc, a wanderer. 
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Duniliarize bimsclf with the iilca rather of two or more 
celestial globes, superposed and fiitiii|{ on each other, on 
ohs of which — a real one — are inscribed the stars ; on 
ths others those imaginary points, lines, and circles 
which astronomers have devised for their own nses, and 
lo aid their calculations ; and to accustom himself to 
conceive in the latter, or artificial, spheres a capability 
of being shiHed in any manner upon the surface of the 
other ; so that, should experience demonsirate (as it 
does) that these artificial points and tines are brought, 
by a slow motion of the earth's axis, or by other secular 
variations fas they are called), to coincide, at very dis- 
tant intervijs of time, with difierent stars, he may not 
be unprepared for the change, and have no confusion lo 
correct in his notions. 

(252.) Of course we do not here speak of those un- 
couth figures and outlines of men and muasters, which 
are usumly scribbled over celestial globes and maps, and 
serve, in a rude and barbarous way, lo enable us to talk 
of groups of stars, or districts in the heavens, by names 
which, though absurd or puerile in their origin, have 
obtained a currency from which it would be difficult, 
and perhaps wrong, to dislodge them. In so far as they 
have really (as some have) any slight resemblance to the 
figures called up in imagination by a view of the more 
splendid " constellations," they have a certain conve- 
nience ; but as they are otherwise entirely arbitrary, and 
correspond to no natural subdivisions or groupings of 
the stars, astronomers treat them lighdy, or altogether 
disregard them,* except for briefly naming remarkable 
stars, as a Leonis, fi Scorpii, &c. &c., by letters of the 
Greek alphabet attached to them. The reader will find 
them on any celestial charts or globes, and may compare 
them with the heavens, amd there learn for himself their 
position. 

' This dinwanl is neiiher rapertilioua notmusffless. The con«tell«- 
tioili aeeiD lo hsve lieon atmoal pnrpoeely named iind dolinented lo caose 
» Diufh miifinion nnd iocon venLer.ee as pCKsible. Inniimetnble snake* 

I .1. — I. 1,0119 and fishoF, ' ' " 

Wilhilioui ni^ hsT* b*Ni ■ 
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(253.) There are not wanting, however, naturcd duh 
tricts in the heavens, which offer great peculiarities of 
character, and strike every observer : such is the tnSBeu 
way^ that great luminous band, which stretches, eifftf 
evening, a^ across th^ sky, from horizon to horizon, 
and which, when traced with diligence, and mapped 
down, is found to form a zone completely encircling f Ae 
whole sphere^ alinost in a great circle, which is neither 
an hour circle, nor coincident with any other of our 
astronomic^ grdmmata. It is divided in one part of its 
course, sending off a kind of branch, which unites again 
with Che main body, after remaining distinct for about 
150 degrees. This remarkable belt has maintained, 
from the earliest ages, the same relative situation among 
the stars ; and, when examined through powerful tele- 
scopes, is found (wonderful to relate !) to consist entirely 
of stars scattered by millions, like glittering dust, on 
the black ground of the general heavens. 

(254.) Another remarkable region in the heavens is 
the zodiac, not from any thing peculiar in its own con- 
stitution, but from its being the area within which the 
apparent motions of the sun, moon, and all the greater 
planets are confined. To trace the paUi of any one of these, 
It is only necessary to ascertain, by continued observa- 
tion, its places at successive epochs, and entering these 
upon our map or sphere in sufficient number to form a 
series, not too far disjoined, to connect them by lines 
from point to point, as we mark out the course of a ves- 
sel at sea by mapping down its place from day to day. 
Now when this is done, it is found, first, that the appa- 
rent path, or track, of the sun on the surface of the hea- 
vens, is no other than an exact great circle of the sphere 
which is called the ecliptic, and which is inclined to the 
equinoctial at an angle of about 23^ 28', intersecting it at 
two opposite points, called the equinoctial points, or 
equinoxes, and which are distinguished from each other 
by the epithets vernal and autumnal ; the vernal being 
that at which the sun crosses the equinoctial from south 
to north ; the autumnal, when it quits the northern and 
enters the southern hemisphere. Secondly, that the 
moon and all the planets pursue paths which, in like 
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manner, eiicirde the whole heavens, but are not, like 
that of tjie Hun, great circles exactly returning into them- 
Bfllves and Lisecting the sphere, but rather spiral curves 
of much complexity, ana deacribed with very unequal 
velocities in their different parts. They have all, how- 
ever, this io common, that the geneTal direction of their 
jnotiona is the same with that of the sun, viz. from tvtBt 
to east, that is to say, the contrary \o that in which both 
they and (he stars appear to be carried by the diurnal 
motion of the heavens 5 and, moreover, that they never 
deviate far from the ecliptic on either side, crossing and 
recrossing it at regular and equal intervals of time, and 
confining themselves within a zone, or belt (the zodiac 
already spoken of), extending 9° on either side of the 
,;* .. ecliptic. 

•^'- (255.) It would manifestly be useless to map down on 

' globes or charts the apparent p&ths of any of those bodies 

which never retrace the same course, and which, there- 
fore, demonstrably, must occupy at some one moment 
or other of their history, every point in the area of that 
zone of the heavens within which they are circara- 
scribed. The apparent complication of their movemente 
arises (that of the moon excepted) from our viewing 
them from 3 station which is itself in motion, and would 
disappear, could we shift our point of view and observe 
them from the sun. On the other hand, the apparent 
motion of the sun is presented to us under its least in- 
volved form, and is studied, from the station we occupy, 
to the greatest advantage. So that, independent of the 
impoitance of that luminary to us in other respects, it is 
by the investigation of the laws of its motions in the first 
instance that we must rise to a knowledge of those of all 
the other bodies of our system. 

(256.) The ecliptic, which is its apparent path ajnong 
the stars, is traversed by it in the period called the side, 
real year, which consists of 305'' 6" 9'" 9''6, reckoned 
in mean solar tiine, or 368^ 6" 9" 9'-6, reckoned in si- 
dereal time. The reason of this diSerence (and it is this 
which constitutes the origin of the difference between 
solar and sidereal time) is, that as the sun's apparent 
anniiiU motion among the slard is performed in a cot»- 
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trary direction to the apparent diurnal motion of both 
sun and stars, it comes to the same thing as if the diui> 
nal motion of the sun were so much slower than that of 
the stars, or as if the sun lagged behind them in its 
daily course. Where this has gone on for a whole year, 
the sun will have fallen behind the stars by a whole 
circumference of the heavens— ^r, in other words — in a 
year, the sun will have made fewer diurnal revolutions, 
by one, than the stars. So that the same interval of time 
which is measured by 366* 6**, &c. of sideres^ time, if 
reckoned in niean solar days, hours, &c. will be called 
365*^ 6**, &c. Thus, then, is the proportion between 
the mean solar and sidereal day established, which, 
reduced into a decimal fraction, is that of 1*00273791 to 
1. The measurement of time by these different stand- *i 

ards may be compared to that of space by the standard 
feet, or ells of two different nations ; the proportion of 
which, once settled, can never become a source of error. 

(257.) The position of the ecliptic among the stars 
may, for our present purpose, be regarded as invariable. 
It is true that this is not strictly the case ; and on com- 
paring together its position at present with that which 
it held at the most distant epoch at which we possess 
observations, we find evidences of a small change, which 
theory accounts for, and whose nature will be hei^after ^^ 
explained ; but that change is so excessively slow, that 
for a great many successive years, or even for whole 
centuries, this circle may be reg^ed as holding the 
same position in the sidereal heavens. 

(258.) The poles of the ecliptic, like those of any 
other great circle of the sphere, are opposite points on 
its surface, equidistant from the ecliptic in every direc- 
tion. They are of course not coincident with those of 
the equinoctial, but removed from it by an angular in- 
terval equal to the inclination of the ecliptic to the equi- 
noctial (23° 28'), which is called the obliquity of the 
ecliptic. In the aunexed figiire, if Pp represent the north 
and south poles (by which, when used without qualifi- 
cation we always mean the poles of the equinoctitd), 
and EQAV the equinoctial, VSAW the ecliptic, and Kft, 
its poles — the spherical angle QYS is the nUiquity of the 
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I apparent motion to be in ibe 
will he the vernal and A Ihe ow- 
and W, the Iwo points at which 
the ecliptic is most distant frora the equinoctial, are 
termed so/sHcea, because, when arrived there, the sun 
ceases to recede from the equator, ajid (in that sense, bo 
far OB its motion in decUnntion is concerned) to stand 
still in the heavens. S, the point where Ihe sun has the 
g;reateet tiorthem declination, is called llic summer sol- 
stice, and W, that where it is farthest south, the winter. 
These epithets obviously have their origin ia Ihe depend- 
ence of the seasons on tlic sun's declination, which will 
be explained in the nest chapter. The circle EKPQj^, 
which passes through the poles of the ecliptic and equinoc- 
tial, is called the solstiliul colurc ; and a meridian drawn 
through the equinoxes, PV/jA, the equinoctial colure. 

(259.) Since the ecliptic holds a determinate situation 
in the starry heavens, it may be employed, like the equi- 
noctial, to refer the positions of the stars to, by circles 
drawn through them from Us poles, and therefore per- 
pendicular to it. Such circles are termed, in asironomy, 
circles of latitude — ihe distance of a star from the eclip- 
tic, reckoned nil the circle of latitude passing through it, 
is called the latitude of the stars — and the arc of lb" 




ecliptic intercepted between the vernal equinox ftsd 
circle, its hngilnde. In the figure X is a star, PX 
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circle of declination drawn through it, by which it is 
referred to the equinoctial, and KXT a circle of latitude 
referring it to the ecliptic— then, as VR is the right 
ascension, and RX the declination, of X, so also is VT 
its longitude, aiid TX its latitude. The use of the terms 
longitude and latitude, in this sense, seems to have ori- 
ginated in considering the ecliptic as forming a kind of 
natural equator to the heavens, as the terrestrial equator 
does to the earth — the former holding an invariable po- 
sition with respect to the stars, as the latter does with 
respect to stations on the earth's surface. The force of 
this observation will presendy become apparent. 

(260.) Knowing the right ascension and declination of 
an object, we may £nd its longitude and latitude, and vice 
versa. This is a problem of great use in physical astro- 
nomy. The following is its solution : In our last figure, 
EKPQ, the solstitial colure is of course 90° distant 
from V, the vernal equinox, which. is one of its poles— 
so thsft VR (the right ascension) being given, and also 
YE, the arc ER, and its measure, the spherical angle 
EPR, or KPX, is known. In the spherical triangle 
KPX, then we have given, 1st, The side P K, which, 
being the distance of the poles of the ecliptic and equi- 
noctial, is equal to the obliquity of the ecliptic ; 2d, The 
side PX, the polar distance, or the complement of th% 
declination RX ; and 3d, the included angle KPX ; wd 
therefore, by spherical trigonometry, it is easy to find the 
other side KX, and the remaining angles. Now KX is 
the complement of the required latitude XT, and the 
angle PKX being known, and PKV being a right 
angle (because SV is 90°), the angle XKV becomes 
known. Now this is no other than the measure of the 
longitude VT of the object. The inverse problem is 
resolved by the same triangle, and by a process exactly 
similar. 

(261.) The same course of observations by which the 
paUi of the sun among the fixed stars is traced, and the 
ecliptic marked out among them, determines, of course, 
the place of the equinox V upon the starry sphere, at 
that time— a point of great importance in practical astro- 
nomy, as it is the origin or zero point of right pension 
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Now, when this process is repealed ;it consiJerablT dis- 
lant intervals of lime, a very remarliable phenomenon u 
obaerved ; viz. that the equinox docs nol preserve a eon- 
stant place among the stars, but shifts its position, Iravel- 
ling continually and regularly, allhowgh with extreme 
slotvness, backwards, along the ecliptic, in the direction 
V W from east to west, or the eontrary to that in which the 
sun tippeara to move in thai circle. The equinoctial poial 
thuamoving, as itwere, to meelthe sun in hif apparent an- 
nual round, the aun arrives at the equinoctial point sooner ; 
that i.s, the time of the equinox happens sooner than 
it would otherwise do: hence the recession of the equi- 
noctial point causes a/)rece«»ton in the time of the equinbs. 
The amount of this motion by which the equinox (ravels 
backward, or retrogrades (as it is called), on the ecliptic, 
is 0" 0' 50"'10 per annum, an extremely minute quan- 
tity, but which, by its continual accumulation from year 
to year, at last makes itself very palpable, and Ui^ in a 
way highly inconvenient lo practical aHironomers, by 
destroying, !u the lapse of a moderate number of yeflrs, 
the arrangement of their ciitalogues of stars, and making 
it necessary to reconstruct them. Since the formation 
of the earliest catalogue on record, the place of the eqni- 
nos has retrograded already about 30°. The period in 
which it performs a complete tqur of the ecliptic, ia 
25-,868 years. 

(263.) The imniediate uranographical effect of the 
precession of the equinoxes is to produce a uaiform in- 
crease of longitude in all the heavenly bodies, whether 
filed or erratic. For the vernal equinox being the initial 
point of longitudes, as well as of right ascension, a re- 
treat of this point on the ecliptic tells upon tiie longi- 
tudes of all ^ke, whether at rest or in motion, and pro- 
duces, so far as its amount extends, the appearance of a 
motion in longitude common to all, as if the whole hea- 
vens had a slow rotation round the poles of the ecliptic 
in the long period above mentioned, similar to what tfiey 
have m twenty-four hours round those of the equinoctial. 

(263.) To form a just idea of this curious astronomi*- 
cal phenomenon, however, we must abandon, for a time, 
the consideration of the ecliptic, as tending to prodncB' 
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confusion in our ideas ; for this reason, that the stability 
of the ecliptic itself among the stars is (as already hinted, 
art. 257) only approximate, and that in consequence its 
intersection with the equinoctial is liable to a certain 
amount of change, arising from its fluctuation, which 
mixes itself with what is due to the principal uranogra- 
phical cause of the phenomenon. This cause will be- 
come at once apparent, if, instead of regarding the equi- 
nox, we fix our attention on the pole of the equinoc- 
tial, or the vanishing point of the earth's axis. 

(264.) The place of this point among the stars is easily 
determined, at any epoch, by the most direct of all astro- 
V^inical obseryations,*-those with the mural circle. By 
, 4|i8 instrument we are enabled to ascertain at every mo* 
ment the exact distance of the polar point from any 
three or more stars, and therefore to lay it down, by 
triangulating from these stars, with unerring precision, 
on a chart or globe, without the least reference to the 
positioa of the ecliptic, or to any other circle not natu- 
rally connected with it. Now, when this is done with 
proper diligence and exactness, it results that, although 
for short intervals of time, such as a few days, the place 
of the pole may be regarded as not sensibly variable, yet 
in reality it is in a state of constant, although extremely 
slow motion ; and, what is still more remarkable, this 
motion is not uniform,* but compounded of one principal, 
uniform, or nearly uniform, part, and other smaller and 
subordinate periodical fluctuations : the former giving 
rise to the phenomena of precession ; the latter to another 
distinct phenomenon called nu/o/ton. These two phe- 
nomena, it is true, belong, theoretically speaking, to one 
and the same general head, and are intimately connected 
together, forming part of a great and complicated chain 
of consequences flowing from the earth's rotation on its 
axis : but it will be of advantage to present clearness to 
consider them separately. 

(265.) It is found, then, that in virtue of the uniform 

Eart of the motion of the pole, it describes a circle in the 
eavens around the pole of the ecliptic as a centre, keep- 
ing constantly at the same distance of 23° 28' from it, 
in a direction from east to west, and with such a velocity. 
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that the annual angle ilesi^ribeil by il, in this its imaginary 
otbit, is 50"'10 ; bo thai the whole circle would be de- 
scribed by it in the above-mentioned period of 25,868 
years. It is easy to perceive how such a motion of the 
pole will give rise to the retrograde motion of the eqai- 
noxes ; for in the figure, art, 259, Huppoae the pole P in 
the progress of its motion in the small circle POZ round ■ 
K to come to O, then, as the situation of the equinoctial 
EVQ is dctennined by tJiat of the pole, this, it is evi- 
dent, must cause a displacement of the equinoctial, which. 
wiD take a new situation, EUQ, 90° distant in every 
part from the new position O of the pole. The point U, 
therefore, in which the displaced equinoctial will inteis 'i ■ 
sect the ecliptic, i. t. the displaced equinos, will lie oa . 
tiiat aide of V, its original position, towards which the 
motion of the pole is directed, or to the westward. 

(266.) The preceasion of the equinoxes thus conceived, 
oonsisls, then, in a real but very slow motion of the pole 
of the heavens among the stars, in a small circle- round 
die pole of the ecliptic. Now this cannot happen with- 
out producing corresponding changes in the apparent 
diurnal motion of the sphere, and die aspect which the 
heavens must present at very remote periods of history. 
The pole is nothing more than the vanishing point of the 
earth's axis. As this point, then, has such a motion as 
described, it necessarily follows that the earth's axis must 
have a conical motion, in virtue of which it points suc- 
cessively to every part of the small circle in question. 
We may form the best idea of such a motion by noticing 
a child's peg-top, when it spins not upright, or that amns- 
ing toy t!ie te-to-tum, which, when delicately executed, 
and nicely balanced, becomes an elegtnt philoeophicd' ^ 
instrument, and exhibits, in the most beautiful mannef, I 
the whole phenomenon, in a way calculated to give al I 
onf« a clear conception of it aa a fact, and a considei^Iff J 
insight into its physical cause as a dynamical effect. Th* I 
reader will take care not to confound the variation of the 
position of the earth's axis in space with a mere shitUng 
of the imaginary line about which it revolves, in its inte- 
rior. The whole earth participates in the motion, and 
goes along with the axis ae if it were really a bar of iron 
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driven through it. That such is the case is proved by 
the two great facts : 1st, that the latitudes of places on 
the earth, or their geographical situation with respect to 
the poles, have undergone no perceptible change from 
the earliest ages. 2dl7, that the sea maintains its level, 
which could not be the case if the motion of the axis 
were not accompanied with a motion of the whole mass 
of the earth. 

(267.) The visible effect of precession on the aspect 
of the heavens consists in the apparent approach of 
some stars and constellations to the pole and recess of 
others. • The bright star of the Lesser Bear, which we 
(sail the pole star, has not always been, nor will always 
(bohtinue to be, our cynosure : at the time of the con- 
struction of the earliest catalogues it was 12° from the 
pole — it is now only 1° 34', and will approach yet nearer, 
to within half a degree, after which it will again recede, 
and slowly give place to others, which will succeed it in 
its companionship to the pole. After a lapse of about 
12,000 years, the star « Lyrae, the brightest in the north- 
em hemisphere, will occupy the remarkable situation of 
a pole star, approaching wiliiin about 5° of the pole. 

(268.) The nutation of the earth's axis is a small and 
slow subordinate gyratory movement, by which, if sub- 
sisting alone, the pole would describe among the stars, 
in a period of about nineteen years, a minute ellipsis, 
having its longer axis equal to 18''*5, and its shorter to 
13"*74 ; the longer being directed towards the pole of 
the ecliptic, and Uie shorter, of course, at right angles to 
it. The consequence of this real motion of the pole is 
an apparent approach and recess of all the stars in the 
heavens to the pole in the same period. Since, also, the 
place of the equinox on the ecliptic is determined by the 
place of the pole in the heavens, the same cause will 
give rise to a small alternate advance and recess of the 
equinoctial points, by which, in the same period, both 
the longitudes and the right ascensions of the stars will 
be also alternately increased and diminished. 

(269.) Both these motions, however, although here 
considered separately, subsist jointly; and since, while 
in virtue of the nutation, the pole ia describing its little 
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ellipse of 18"'5 in diameter, it ia carried by' the greater 
»nd regulariy progressive motion of precession over so 
miioh of its circle round the pole of the ecliptic as cor- 
responds to nineteen years, — that is to say, over an angle 
of nineteen times 50"'l round the centre (which, in a 
small circle of 23° 28' in diameter, corresponds lo 6' SO", 
as seen from the centre of the sphere) : the path which 
it will pursue in virtue of the two motions, Bubsisting 
jointly, will be neither an ellipse nor aa esact circle, bul 
a gently undulated ring like that in the figure fwhere, 
however, the undulations are much exaggerated). (See 
_fig. to art. 272.) 

(270.) These movements of precession and nutation 
are common to all the celestial bodies boili fixed awl er- 
ratic ; and this circumstance makes it impossible to attri- 
~ bute them to any other cause than a real motion of the 
earth's axis, such as we have described. Did they only 
affect the stars, they might, with equal plausibility, be 
urged to arise from a real rotation of the starry heavena, 
as a solid shell round an axis passing through the poles 
of the ecliptic in 35,868 years, wid a real elliptic gyration 
of that axis in nineteen years : but since they also affect 
the sun, moon, and pUncts, whicli, having motions inde- 
pendent of the general bodyofthe stars, cannot without ex- 
travagance be supposed attached to the celestial concave,* 
this idea falls to the ground ; and there only remains, 
then, a real motion in the earth by which they can be 
accounted for. It will be shown in a subsequent chapter 
that they are necessary consequences of the rotation of 
the eardi, combined with its elliptical figure, and the un- 
equal attracdon of the sun and moon on its polar and 
equatorial regions. 

(271.) Uranographically considered, as alTecting the 
apparent places of the stars, they are of the utmost im- 
portance in practical astronomy. When we speak of the 
right ascension and declination of a celestial object, il 
becomes necessary to state what epoch we intend, and 

* This iirfument,cogi;ntBB ilia, acquires ad Jitional and decisive fcrce 
frnn the luw of nutation, which ia depenilBnion ihepoajtion, for the time, 
of ilie iniiar orbil. If wa aiiriliute it to o real logiion of the celolial 

•Xlremor by tho uiadnn of the moun ! 
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whether we mean the mean right ascension ; cleared, that 
is, of the periodical fluctuation in its amount, which 
arises from nutation, or the apparent right ascension, 
w^hich being reckoned from the actual place of the vernal 
equinox, is affected by the periodical advance and recess 
of the equinoctial point thence produced — and so of the 
other elements. It is the practice of astronomers to re- 
rfwce, as it is termed, all their observations, both of right 
ascension and declination, to some common and conve- 
nient epoch— such as the beginning of the year for tem- 
porary purposes, or of the decade, or the century for 
more permanent uses, by subtracting from them the 
whole effect of precession in the interval ; and, moreover, 
to divest them of the influence of nutation by investiga- 
ting and subducting the amount of change, both in right 
ascension and declination, due to the displacement of the 
pole from the centre to the circumference of the iittle el- 
lipse above mentioned. This last process is technically 
termed correcting or equating the observation for nuta- 
tion ; by which latter word is always understood, in as- 
tronomy, the getting rid of a periodical cause of fluctua- 
tion, and presenting a result, not as it was observed, but 
as it would have been observed, had that cause of flue 
tuation had no existence. 

(272.) For these purposes, in the present case, very 
convenient formulae have been derived, and tables con- 
structed. They are, however, of too technical a charac- 
ter for this work ; we shall, however, point out the man- 
ner in which the investigation is conducted. It has been 
shown in art. 260 by what means the right ascension and 
declination of an object are derived from its longitude 
and latitude. Referring to the figure of that article, and 
supposing the triangle KPX orfliographically projected 
on the plane of the ecliptic as in the annexed figure : in 
the triangle KPX, KP is the obliquity of the ecliptic, 
KX the co-latitude (or complement of latitude), and the 
angle PKX the co-longitude of the object X. These 
are the data of our question, of which the first is con- 
stant, and the two latter are varied by the effect of pre- 
cession and nutation ; and their variations (considering 
the minuteness of the latter effect generally, and the 

Q 
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small number of years in comparison of the whole period 
of 25,868, for which we ever require to eatimaie the 
eflect of the former) are of that order which may be 
regarded as infinitesimal in geometry, and treated as such 
without feat of error. The whole question, then, is re- 
duced to this : — In a epherical triangle KPX, in which 
one side KX is constant, and an angle K, and adjacent 



^ 



side KP vary by given infinitesimal diaiiges of the po 
sition of P : required the changes ihence arising in the 
other side PX, and the angle KPX? This is a very 
simple and easy problem of spherical geometry, and he- 
ing resolved, it gives at once the reductions we are seek- 
ing ; for PX being tiic polar distance of the object, and 
llie angle KPX ila right ascension plus 90°, their va- 
riations are the very quantities we seek. It only re- 
mains, then, to express in proper form the amount of the 
precession and nutation in longitude and latitude, when 
their amount in right ascension and declination will im- 
mediately be obtained. 

(273.) The precession in latitude is zero, since the 
latitudes of objects are not changed by it : that in lon- 
gitude is a quantity proportional to the time at the rat* 
of 50 "-lO pet annum. With regard to the nutation in 
longUude and latitude, these are no other than the ab- 
scissa and ordinate of the little ellipse in which the pole 
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'c^'j\^ * *lnoves. The law of its motion, however, therein, cannot 
%-f^'^j > .fee understood till the reader has been made acquainted " 
V»- with the prindipal features of the moon's motion on 
which it depends. See chap. XI. 

(274.) Another consequence of what has been shown 
respecting precession and nutation is, that sidereal time 
as astronomers use ^t, t. c. as reckoned from the transit 
of the equinoctial point, is, not a mean or uniformly 
flowing quantity, being affected by nutation ; and, 
moreover, that so reckoned, even when cleared of the 
periodical fluctuation of nutation, it does not strictly 
correspond to the earth's diurnal rotation. As tlie sjax^ 
loses one day in the year on the stars, by its direct mo^^ 
tion in longitude ; so the equinox gains one day in 
25,868 years on them by its retro gradation. We ought, 
therefore, as carefully to distinguish between mean and 
apparent sidereal as between mean and apparent solar 
time. 

(276.) Neither precession nor nutation change the 
apparent places of celestial objects inter se. We see 
them, so far as these causes go» as they are, though from 
a station more or less unstable, as we see distant land 
objects correctly formed, though appearing to rise and 
fall when viewed from the heaving deck of a ship in the 
act of pitching and rolling. But there is an optical cause, 
independent of refraction or of perspective, which dis- 
places them one among the other, and causes us to view 
the heavens under an aspect always to a certain slight 
extent false ; and whose influence mi.fit be estimated and 
allowed for before we can obtain a precise knowledge of 
the place of any object. This cause is what is called 
the aberration of light ; a singular and surprising eflfect 
arising from this, that we occupy a station not at rest 
but in rapid motion ; and that the apparent directions of 
the rays of light are not the same to a spectator in mo- 
tion as to one at rest. As the estimation of its eflfect be- 
longs to uranography, we must explain it here, though, 
in so doing, we must anticipate some of the results to be 
detailed in subsequent chapters. 

(276.) Suppose a shower of rain to fall perpendicularly 
in a dead calm ; a person exposed to the shower, who 
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■hould ttand quite ttill and uprigfat, would neeire 
ft drops on his hat, which would thus shelter Mm, but i( 
he ran forward in any direction they would strike him in^ 
the face. The effect would be the same as if he remained 
stillf and a wind should arise of the same Telocity, and 
driA them against him* Suppose a ball let fall from a 
point A aboTe a horiaontal Ime EP» and that at B were 
plaeed to receive it the open mouth of an inclined hollow 





jtnbe PQ ; if the tube were held immoreable, the ball 
wAdd strike on its lower side, but if the tube were car- 
ried forward in the direction £F» with a velocity properly 
adjusted at every instant to that of the ball, while jore- 
tenring its inclirmtion to the horizon, so that when the 
ball in its natural descent reached G, the tube should 
have been carried into the position RS, it is evident that 
the ball would, throughout its whole descent, be found 
in the axis of the tube ; and a spectator, referring to the 
tube the motion of the ball, and carried along with the 
'formert unconscious of its motion, would fancy that the 
ball had been moving in the inclined direction RS of the 
tube's axis. 

(2T7.) Our eyes and telescopes are such tubes. In 
whatever manner we consider light, whether as an ad- 
vancing wave in a motionless ether, or a shower of 
atoms traversing space, if in the interval between the 
rays traversing the object-glass of the one or the cornea 
of the other (ctt which moment they acquire that con- 
vergence which directs them to a certain point in Jixed 
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^^^» -^acc), the cross wires of the one or the retina of the 
j^^;^. lather be slipped aside, the point of convergence (which 
' i» • . remains unchanged) will no longer correspond to the in- 
tersection of the wires or the central point of our visual 
area. The object then will appear displaced ; and the 
amount of this displacement is aberration. 

(278.) The earth is moving through space with a ve- 
locity of about 19 miles per second, in an elliptic path 
round the sun, and is therefore changing the direction 
of its motion at every instant. Light travels with a ve- 
locity of 192,000 miles per second, which, although 
much greater than that of the earth, is yet not infinitik^ 
so. Time is occupied by it in traversing any space, ant^' 
in that time the earth describes a space which is to the 
former as 19 to 192,000, or as the tangent of 20"'& to 
radius. Suppose now APS to represent a ray of light 
from a star at A, and let the tube PQ be that of a tele- 
scope so inclined forward that the focus formed -by its 
object-glass shall be received upon its cross wire, it ia 
evident from what has been said, that the inclination ci 
the tube must be such as to make PS : SQ : : velocity of 
light : velocity of the earth, : : tan. 20"'5 : 1 ; and. 
therefore, the angle SPQ, or PSR, by which the axis of 
the telescope must deviate from the true direction of the 
star, must be 20"'5. 

(279.) A similar reasoning will hold good when the 
direction of the earth's motion is not perpendicular to 
the visual ray. If SB be the 
true direction of the visual 
ray, and AC the position in 
which the telescope requires 
to be held in the apparent di- 
rection, we must still have the 

proportion BC : BA : : velo- S SF" 

locity of light : velocity of the earth : : rad. : sine of 20"'5 
(for in such small angles it matters not whether we use 
the sines or tangents). But we have, also, by trigono- 
metry, BC : BA : : sine of BAC : sine of ACB or CBD, 
which last is the apparent displacement caused by aber- 
ration. Thus it appears that the sign of the aberiation, or 
(since tlie angle is extremely small) the aberration itself, 

Q2 
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ia proportion <il lo Llie sine of ihc angle made by tlieearth'i 
■ motion in apace with the visual ray, and ia ilierefore t 
maXimuni when tlie line of eight is perpendicular to ibjf 
direction of the earth's motion. 

(280.) The uraao graphical elTect of aheiTa.lion, then, 
is to distort the aspect of the heavens, causing all the 
stars lo crowd, w it were, directly towards that point in 
the heavens which is the vanishing point of ^1 lines 
parallel to that in which the earth is for the moment 
moving. As the earth moves round the sun in the plane 
of tiie ecliptic, this point must lie in that plane, 90° in 
advance of the earth's longitude, or 90° behind the sun's, 
A9 shifts of course continually, describing the circum- 
ference of the ecliptic ia a year. It is easy to demon- 
strate that the efiect on each particular star will be lo 
maxe it apparently describe a small ellipse in the heavens, 
ha.fing for its centre the point in which the star would 
be see.n if the earth were at rest. 

. (281.) Aberration then affects the apparent right as- 
■■ Ansione and declinations of all the sIms, and tiiat by 
qu^itities easily calculable. The fonnuls most conye- 
nient for thnt purpose, and which, systematically embrac- 
ing at the same time the corrections for precession and 
nutation, enable tlie observer, with the utmost readiness, 
to disencumber his observations of right ascension and 
declination of their influence, have i>oea constructed by 
Prof. Besset, and tabulated in the appendix to the first 
volume of the Transactions of the Astronomical Society, 
where they will be found accompanied with an extensive 
catalogue of the places, for 1830, of the principal fixed 
stars, one of the most useful and best arranged works 
of the kind which has ever appeared. 

(282.) When the body from which the visual ray 
emanates is, itself, in motion, the best way of conceiving 
the effect of aberration (independently of theoretical 
views respecting the nature of light)' is as follows. The 

■ The remilB of the undulaloiy and corpuscular Iheoriet of light, in 
Ihemalleroraberratiou.Bre, intheniBin, thorame. Woeay in tAt main. 
There is, however, b minute diOerencs even of numerical reBulD. Id 
the undulaloiy docinne, the propaeation of light takes place with equal 

[a Ibe corputcuitir, niUi an eic«H of velocilf in the direcnim of ibe 



4 



/*. 



CHAP. IV.J URAN06RAPIIICAL PROBLEMS. 178 

ray by which we see any object is not that which it emits 
at the moment we look at it, but that which it did emit 
some time before, viz, the time occupied by light in trar 
versing the interval which separates it from us. The 
aberration of such a body then arising from the earth's 
velocity must be applied as a correction, not to the line 
joining the earth's place at the moment of observation 
with that occupied by the body at ihe same moment^ 
but at that antecedent instant when the ray quitted it. 
Hence it is easy to derive the rule given by astronomical 
writers for the case of a moving object. From the known 
laws of its motion and the earth's, calculate its apparent 
or relative angular motion in the time taken by light to 
traverse its distance from the earth. This is its aberra' 
tion, and its effect is to displace it in a direction contrary 
to its apparent relative motion among the stars. 

We shall conclude this chapter with a few uranagra- 
phical problems of frequent practical occurrence, whic^i 
may be resolved by the rules of spherical trigonometry. 

(283.) Of the following five quantities, given any three, 
to find one or both the others. 

. 1st, The latitude of the place ; 2d, the declination of an 
object ; 3d, its hour angle east or west from the meriditn ; 
4th, its altitude ; 5th, its azimuth. 

In the figure of art. 94, P is the pole, Z the zenith, and 
S the star ; and the five quantities above mentioned, or 
their complements, constitute the sides and angles of the 
sphei^cal triangle PZS ; PZ being the co-latitude, PS 
the co-declination or polar distance ; SPZ the hour an- 
gle ; PS the co-altitude or zenith distance ; and PZS the 
azimuth. By the solution of this spherical triangle, then, 
all problems involving the relations between these quanti- 
ties may be resolved. 

(284.) For example, suppose the time of rising or set- 
ting of the sun or of a star were required, having given 
its right ascension and polar distance. The star rises 

motion over that in the contrary equal to twice the veloci^ of the body's 
motion. In the cases, then, of a body moving with equal velocity directly 
to and directly from the earth; the aberrations will be alike on the undu- 
latory, but di^rent on the corpuscular hypothesis. The utmost di^ir- 
ence which can arise from this cause in our nyatem cannot amount to 
(bove BiX thousandths of a second. 

/ 
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when apparently on the horizon, or really about 34' be* 
low it (owing to refraction), so that, at the moment of its 
apj^^nt rising, its zenith distance is 90° 34'sbZS. Its 
polar, distance PS being also given, and the co-latitude ZP 
of the place, we have given the three sides of the trian" 
gle, to find the bsur angle ZPS, which, being known, is 
to be added to €|k subtracted from the star's right ascen- 
sion, to give the ju4ereai time of setting or rising, which, 
if \ire please, may be converted into solar time by the 
proper rules and tables. 

(285.) As another example of the same triangle, we 
may propose to find the local sidereal time, and the lati- 
tude of the place of observatioli, by observing equal 
altitudes of the same star east and west of the meri- 
dian, and noting the interval of the observations in side- 
real time. 

Ttie hour angles corresponding to equal altitudes of a 
^ed star being equal, the hour angle east or west will be 
measured by half the observed interval of the observa- 
tions. In our triangle, then, we have given this hour an- 
gle ZPS, th^ polar distance PS of the star, and ZS, its 
co-altitude at the moment of observation. Hence we may 
find PZ, the co-latitude of the place. Moreover, the 
hour angle of the star being known, and also its right as- 
cension, the point of the equinoctial is known, which is 
on the meridian at the moment of observation ; and, 
therefore, the local sidereal time at that moment. This 
is a very useful observation for determining the latitude 
and time at an unknown station. 

(286.) It is often of use to know the situation of the 
ecliptic in the visible heavens at any instant ; that is to 
say, the points where it cuts the horizon, and the altitude 
of its highest point, or, as it is sometimes called, the 
nonagesimal point of the ecliptic, as well as the longitude 
of this point on the ecliptic itself from the equinox. 
These, and all questions referable to the same data andquae- 
sita, are resolved by the spherical triangle ZPE, formed 
by the zenith Z (considered as the pole of the horizon), 
the pole of the equinoctial P, and the pole of tne ecliptic 
E: The sidereal time being given, and also the right 
ascension of the p^e of the ecliptic (which is always tho* 
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same, viz. 18* 0" 0*), the hour angle ZPE of that point 
is known. Then, in this triangle we have given PZ, the 
co-latitude ; P£, the polar distance of the pole of the 
ecliptic, 23® 28', and the angle ZPE ; from which we 
may ^d, 1st, the side ZE, which is easily seen to he 
equal to the altitude of the nonagesimal point sought f 
and, 2dly, the angle PZE, which is the azimuth of the 
pole of die ecliptic, and which, therefore, heing added to 
and subtracted from 90°, gives the azimuths of the eastern 
and western intersections of the ecliptic with the horizon. 
Lastly, the longitude of the nonagesimal point may be 
had, by calculating in the same triangle the angle PEZ, 
which is its complement. 

(287.) The angle of ntuation of a star is the angle in- 
cluded at the star between circles of latitude and of decli- 
nation passing through it. To determine it in any pro- 
posed case, we must resolve the triangle PSE, in which 
are given PS, PE, and the angle SPE, which is the dif- 
ference between the star's right ascension and 18 hours ; 
from which it is easy to find the angle PSE required. 
This angle is of use in many inqiiiries in physical astro- 
nomy. It is called iu most books on astronomy the an- 
gle of position ; but the latter expression has become 
otherwise, and more conveniently, appropriated. 

(288.) From these instances, the manner of treating 
such questions in uranography as depend on sphericad 
trigonometry will be evident, and will Jfor the flogj^parw 
offer little difficulty, if the student will "fifc^jHrn^r* ^ 
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practical maKim. rather to consider lite poles of the great 
circles which his question r^ers to, than the circles 
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lion of Areas— Farall 111 of ilw Sun— lis Dittance and Msgnilude— 
CopemicaDEiplBnaiionofibeSuD'BapparEniMulion— PuBllcliiim of 
lbs Eorlh's Ans — The Setuotm — Heal reueiTed from the Suii in diSer- 
cnlFnrlBoflhoOrliit 

(289.) In the foregoing cliaplera, it has been shown 
that the apparent path of the sun is a great circle of the 
sphere, wliich it performs in a period of one sidereal 
■ye3.r. From this it follows, that the line joining the 
earth and sun lies constantly io one plane; and that, 
therefore, whatever be the real motion from which this 
apparent motion arises, it must be confined to one plane, 
which is called the plane of the ecliptic. 

(390.) We have already seen (art. 118) that the sun's 
motion in right ascension among the stars is not uniform. 
This is partly accounted for by the obliquity of the eclip- 
tic, in consequence of which equal variations in longitude 
do not correspond to equal changes of right ascension. 
But if we observe the place of the sun daily throughout 
the year, by the transit and circle, and from these calcu- 
late the longitnde for each day, it will still be found that, 
even in its own proper path, its apparent angular motion 
is far from uniform. The change of longitude in twenty- 
four mean solar hours averages 0° 59' 8"'33 ; bill about 
the Slstof December it amounts to 1° I' 9"'9, and about 
the lat of July is only 0° 57' H"-5. Such are the ex- 
treme limits, and such the mean value of the sun's appa- 
rent angular velocity in its annual orbit, 

(291.) This variation of its angular velocity ia accom- 
panied "t^ith a corresponding change of its distance from 
■"" iKS^ge (if distance is recognised by a variation 

y 




0*01679 of the mean distance, which may he regarded as 
our Tinit of measure in this inquiry. But besides this, 
the form of the orbit is not circulajp, but elliptic. If from 
any point O, taken to represent the earth, we draw a line, 
CXA, in some fixed direction, from which we then set 
ntf a series of angles, AOB, AOC, &c. equal to the ob*^ 

* iiu<o»-, thesun; and /(''«(«S Id nemiro 
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observed to take place in its apparent diameter, when .^ 

measured at difierent seasons of the year, with an instru- 
ment adapted for that purpose, called a heliometer,* or, 
by calculating from the time which its disk takes to tra- 
verse the mendian in the transit instrument. The 'great- 
est apparent diameter corresponds to the 31st of Decem- 
ber, or to the greatest angular velocity, and measures 32' 
35"-6 ; the least is 31' 31"-0, and corresponds to the 1st 
of July ; at which epochs, as we have seen, the angular 
motion is also at its extreme limit either way. Now, as 
we cannot suppose the sun to alter its real size periodi- 
cally, the observed change of its apparent size can only 
arise from an actual change of distance. And the sines 
or tangents of such small arcs being proportional to the 
arcs themselves, its distances from us, at the above-named 
epoch, must be in the inverse proportion of the apparent 
diamBters^ It appears, therefore, that the greatest, the 
mean, and the least distances of the sun from us are in 
the respective proportions of the numbers 1*01679, 
1*00000, and 0*98321 ; and that its apparent angular ve- 
locity diminishes as the distance increases, and vice versa. 
(292.) It follows from this, that the real orbit of the 
sun, as referred to the earth supposed at rest, is not a 
circle with the earth in the centre. The situation of the 
earth within it is eccentric^ the eccentricity amounting to 
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served longitudes of the sun throughout the year, and in 
these reBpeclive directions measure ofF from O the dis- 
trances OA., OB, OC, &c, representing the distances 
dednwd from the observed diameter, and then connect 
all the extremities A, B, C, &c. of these lines hy a con- 
tinuous curve, It is evident this will be a correct represen- 
tation of the relative orhit of the sun about tlie earth. 
Now, wJien this is done, a deviation from the circular 
figure in the resulting curve becomes apparent ; it is 
found to be evidently longer than it is broad — tjiat is to 
say, elliptic, and the point O to occupy not the centre, 
but one of the foci of the ellipse. The graphical process 
here described is sniScient to point out the general figure 
of the curve in question; but for the purposes of exact 
verification, it is necessary to recur to the properties of 
the ellipse,* and lo express the distance of any one of its 
points in terms of the angular situation of that point with 
respect to the longer axis, or diameter of the ellipse. 
This, however, is readily done ; and when numerically 
calculated, on the supposition of the eccentricity being- 
such as above stated, a perfect coincidence is found to 
subsist between the distances thus computed, and those 
derived from the measurement of the apparent diameter. 
(293.) The mean distance of the earth and sun being 
tak.c.1 for unity, the extremes are 1-01679 and 0-9S321. 
But if we compare, in like manner, the mean or average 
angular velocity with the extremes, greatest and least, 
we shall find these to be in the proportions of 1'03386, 
1 -OOOOO, and 0-96614. The variation of the sun's an- 
gular vdocity, then, is much greater in proportion than 
that of its distance — fully twice aa great ; and if we ex- 
amine its numerical expressions at difierent periods, com- 
paring tliem with the mean value, and also with the cor- 
responding distances, it will be found, that, by whatever 
fraction of its mean value the distance exceeds the mean, 
the angular velocity will fall short of its mean or average 
quantity by very nearly twice as great a fraction of the 
latter, and vice versa. Hence we are led to conclude 
Ihat^the angi^ar velocity is in the inverse proportion, not 
of the distance simply, but of its square ; so that, lo com- 

• See Conic Seoliom, l>y Ihe Rpv, H, P, Hamillnn. 
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pare the daily motion in longitude of the sun, at one 
point, A, of its path, with that at B, we must state the 
proportion thus : — 

OB* : O A* : : daily motion at A : daily motion at B. And 
this is found to he exactly verified in every part of the orbit. 

(294.) Hence we deduce another remarkahle conclu*^ 
sion — VIZ. that if the sun he supposed really to move 
round the circumference of this ellipse, its actual speed 
cannot he uniform, hut must he greatest at its least dis- 
tance, and less at its greatest. For, were it uniform, the 
apparent angular velocity would he, of course, inversely 
proportional to the distance ; simply hecause the same 
linear change of place, heing produced in the same time 
at different distances from the eye, must, by the laws of 
perspective, correspond to apparent angular displacements 
inversely as those distances. Since, then, observation 
indicates a more rapid law of variation in the angular 
velocities, it is evident that mere change of distance, un- 
accompanied with a change of actual speed, is insuffi- 
cient to account for it ; and that the increased proximity 
of the sun to the earth must be accompanied with an 
actual increase of its real velocity of motion along its path. 

(295.) This elliptic form of the sun's path, the eccen- 
tric position of the earth within it, and the unequal speed 
with which it is actually traversed by the sun itseli, all 
tend to render the calculation of its longitude from theory 
(«. e. from a knowledge of the causes and nature of its 
motion) difficult, and iiodeed impossible, so long as the 
law of its actual velocity continues unknown. This laWf 
however, is not imn^ediately apparent. It does not come, 
forward, as it were, and present itself at once, like the 
elliptic form of the orbit, by a direct comparison of an- 
gles and distances, but requires bu attentive consideration 
of the whole series of observ||ioiis .registered during an 
entire period. It was not, thn^w^i, without much pain- 
ful and laborious calculation, tihat it was discovered by 
Kepler (who was also the first to ascertain the eUiptio 
form of the orbit)» and announced in the Rowing terms : 
Let a4ine be always supposed to ^mic^t the sun, sup- 
posed in motion, with the earth, saraSfiHcl at res^; dien,. 
as the sun moves alomr its ellipfee^ this line (which is 
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called in aatronomy the railivs vector) will describe or 
sweep over that portion of ihc whole area or surface of 
iho ellipse which is included hetween its consecutive 
positions : and the motion of the eun will be such that 
equal areas are thus swept over by the revolving radius 
vector in equal limes, in what«ver part of the circum- 
ference of the ellipse the sun may be moving. 

(290.) From this it necessarily follows, thai in un- 
equal times, theareas described must be proportional to 
the times. Thus, in t&e figure of art. 292, the time in 
which the sun moves from A to B, is (be time in which 
it moves from C to D, as the area of the ellipse sector 
AOB is to the area of the sector DOC. 

(297.) The circumstances of the sun's apparent annua] 
motion may, therefore, be summed up as follows : — It is 
performed in an orbit lying in one plane passing through 
the earth's centre, called the plane of the ecliptic, and 
whose projection on the Jieavens is the great circle so 
called. In this plaue, however, the actual path is not 
circular, but elliptical ; having the earth, not in ils centre, 
bvit inone focus. The eccentricity of this ellipse is 0-01679, 
in parts of a unit equal to the mean distance, or half the 
longer diameter of the ellipse; and the motion of the sun 
in its circumference is so regulated, that equal areas of the 
ellipse are passed over by the radius vector in equal limes 

(298.) What we have here slated supposes no know 
edge of the sun's actual distance from the earth, nor, 
consequently, of the actual dimensions of its orbit, not 
of the body of the sun itself. To come lo any conclu 
siona on these points, we must first consider by what 
means we can arrive at any knowledge of the distance of 
an object to which we have no access. Now, it is ol^-' 
viouB, that its parallax alone can afford us any inform&-^L 
lion on this subject. Parallax may be generally defiaefi^H 
to be the change of apparent situation of an objecfrj 
arising from a change of real situatioti of the obseivec^l 
Suppose, then, PABQ lo represent the earth, C its centrCi^J 
and S the sun, and A, B two situations of a spectator, i^^l 
which comes lo the same thing, the stations of two spec^J 
tators, both observing the sun 8 at the same instant. Tl 
spectator A will see it in the direction ASu, and will i 
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fer it to a point a ^ ibe infinitely distant sphere of the 
fixed stars, while tbt Bpectator B will see it in the direc- 




tion BSbs and refer it to b. The angle included between 
these directions, or the measure of the celestial arc a bj by 
which it is displaced^ is equal to the angle ASB ; and if 
this angle be known, and tiie locri situations of A and B, 
with the part of the earth's surface AB included between 
t^m, it is evident that the distance GS may be calculated. 

(299.) Parallax, however, in the astronomical accepta- 
tion of the word, has a more technical meaning. It is 
restricted to the difference of apparent positions of any 
celestial object when viewed from a station on the mr- 
f€tce of the earth, and from its centre. The centre of 
^the earth is the general station to which all astronomical 
observations are referred : but, as we observe from the 
idlHiace, a reduction to the centre is needed; and the 
funount of this reduction is called parallax. Thus, the 
sun being seen from the earth's centre, in the direction 
OS, and from A on the surface in the direction AS, the 
an^e ASO, included between these two-directionc, is the 
parallax at A, and similarly BSO is that af^^B. 

Parallax, in this sense, may be distinguished by the 
epithet diurnal^ or geocentric^ to discriminate it from 
the annual^ or heliocentric; of which more hereafter. 

-(890.) The reduction for parallax, then, in any pro 
posed .case, is obtained from the consideration of the 
triangle AGS, formed by the spectator, the centre of the 
earth, and the object observed ; and since the side GA 
prolonged passes through the oo^erver's zenith, it is 
evident that the effect oj parcUiax, in this its technical 
acceptation, is cdwayt to depress the object observed in 
a vertical circle. To estimate the amount of this ify- 
pression, we have, by plane trigonometry, 
GS : GA : : sine of GAS=:sinr of ZAS : sine of ASC 
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(301.) The parallax, then, for objects equidistant from 
tlie earth, Ja proportional to the sines of.Aeir zenith dis- 
tances. It is, therefore, at its masimum when the body 
observed is in the horizon. In this situation it is called 
the korizontal partdlax ; and when this is known, since 
small arcs are proportional to their sines, the parallax at 
any given altitude is easily had by the following rule : — 

Parallax = (horizontal parallax) X sine of zenith dia- 

The horizontal parallax is given by this proportion : — 

Distance of object : earth's radius : : rad. : sine of ho- 
rizontal parallax. 

It is, therefore, known, when the proportion of the 
object's distance to the radius of the earth is known ; 
and vice tier»a — if by any method of observation we can 
come at a knowledge of the horizouial parallax of an 
object, its distance, expressed in units equiU to the earth*s 
radius, becomes known. 

(302.) To apply this general reasoning to the case of 
the sun. 8uppose two observers — one in tlie northern, 
the other iu the southern hemisphere — at stations on the 
same meridian, to obserTe on the same day the meridian 
altitudes of the sun's centre. Having thence derived 
the apparent zenith distances, and cleared them of the 
effects of refraction, if the distance of the sun were equal 
to that of the fixed stars, the sum of the zenith distances 
thus found would be precisely equal to the sum of the 
latitudes north and south of tlie places of obsewation. 
For the sum in question would then be equal to the 
angle ZCX, which is the meridional distance of the 
stations across the equator. But the effect of parallajt 
being in both cases to increase the apparent zenith dis 
tances, their, observed sum will be greater than the sum 
of the latitudes, by the whole amount of the Iwq J)aral 
lues, or by the angle ASB. This angle, then, is 
obtained by subducting the sum of the latitudes from 
tliat of the zenith distances; and this once determined, 
the horizontal parallax is easily found, by dividing the 
angle so determined by the sum of the sines of the two 
latitudes. 

(303.) \i the two stations be nat exactly on the sam« 
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meridian (a co|idition very difticult to fulfil)^ the same 
process will aj^ly, if we take care to allow for the 
change of the sun's actual zenith distance in the interval 
of time elapsing between its arrivat on the meridians of •►. 
the stations. This change is readily ascertained, eithe^ 
from tables of the sun's motion, grounded on the ex- ' 
perience of a long course of observations, or by aelual 
observation of its meridional altitude on several days 
before and after that on which the observations for psbral- 
lax are taken. Of course, the nearer the stations are to 
each other in longitude, the less is this interval of time ; 
and, consequently, the smaller the amount of this correc- 
tion ; and, therefore, the less injurious to the accuracy 
of the final rectult is any uncertainty in the daily change 
of zenith distance which may arise from imperfection 
in the solar tables, or in the observations made to deter- 
mine it. 

(304.) The horizontal parallax of tlie «idl. has been 
concluded from observations of the nature above de 
scribed, performed in stations the most remote from each 
other in latitude, at which observatories have been in- 
stituted. It has also been deduced from other methods 
of a more refined nature, and susceptible of much greater 
exactness, to be hereafter described. Its amount, so 
obtained, is about 8 "'6. Minute as this quantity is, 
there can be no doubt that it is a tolerably correct ap- 
proximation to the truth ; and in conformity with it, we 
must admit the sun to be situated at a mgan distance from 
us, of no less than 23,984 times the length of the earth's 
radius, or about 95,000,000 miles. 

(305.) That at so vast a distance the sun should ap> 
pear to us of the size it does, and should so powerfully 
mfluence our condition by its heat and light, requires us 
to form a very grand conception of its actual magnitude, 
and of the scale on which those important processes are 
carried on within it, by which it is enabled to keep up its 
liberal «nd unceasing supply of these elements. As to 
its actual magnitude we can be at no loss, knowing its 
distance, and the angles under which its diameter appears 
to us. An object, placed at the distance of ^5,000,000 
miles, and subtending an angle of 32' 3", iMpst have a 
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real diameter of 883,000 milea. Such, then, ia ihe dia- 
meter of this stupendous globe. If we compare it with 
what we have already ascertained of the dimensions of 
our own, we shall And that in linear magnitude it exceeds 
the earth in the proportion of lllj to 1, and in bulk in 
Qlat of 1,394,472 to 1. 

(306.) It is hardly possible to avoid associating our 
conception of an object of definite globular figure, and of 
such enormous dimensions, with some corresponding 
attribute of massiveness and materiel solidity. Tliat the 
sun is not a mere phantom, but a body having its own 
peculiar structure and economy, our telescopes distinctly 
inform ua. They show us dark spots on its surface, 
which slowly change their places and forms, and by 
attending to whose situation, at different tftnea, astrono- 
mers have ascertained that the sun rerolves about an 
axis inclined at a constant nngle of 82' 40' to the plane 
of the ecliptic, performing one rotation iu a period of 25 
days and in the same direction with the diurnal rotation 
of the earth, i. e. from west" to cast. Here, then, we 
have an analogy with our own globe; the slower and 
more majestic movement only corresponding with the 
greater dimensions of ihe machinery, and impressing ua 
with the prevalence of similar mechanical laws, and of, 
at least, such a community of nature as the existence of 
inertia and obedience to force may argue. Now, in the 
esaci proportion in which we invest our idea of this im- 
mense bulk with the attribute of inertia, or weight, it be> 
comes difficult to conceive its circulation round so com- 
paratively small a body as the earth, without, on the one 
hand, dragging it along, and displacing it, if bound to it 
by some mvisible tie ; or, on the other hand, if not so 
held to it, pursuing its course alone in space, and leaving 
the earth behind. If we tie two stones together by a 
string, and fling Ihem aloft, we see them circulate about 
a point between them, which is their common centre of 
gravity ; but if one of them be greatly more ponderous 
than the other, this common centre will be proporttflnally 
nearer to that one, and even within its surface, so that the 
smaller one will circnlate, in fact, about the larger, which 
mn be oomparatively but little disturbed from ita place. 
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(307.) Whether tRe ear''' move round the sun, the sun 
round the earth, or both round their commoH centre of 
gravity, will mstke no difference, so far as appearances are 
concerned provided the stars be supposed sufficiently dis- 
talVto undergo no sensible apparent paroZ/ac/tc displace- 
ment by the motion so attributed to the earth. Whethtf 
they are so or not must still be a matter of inquiry ; aiKl 
from the absence of any measureable amount of such dis- 
placement, we can conclude nothing but this, that the 
scale of the sidereal universe is so great, that the mutual 
orbit of the earth and sun may be regarded as an imper- 
ceptible point in its comparison. Admitting, then, in 
conformity with the laws of dynamics, that two bodies 
connected with and revolving about each other in free 
space do, in fact, revolve about their common centre of 
gravity, which remains immoveable by their mutual ac- 
tion, it becomes a matter of further inquiry, whereabouts 
between them the centre is situated. Mechanics teaches 
us that its place will divide their mutual distance in the 
inverse ratio of their weights or masses $* and calculations 
grounded on phenomena, of which an account will be 
given further on, inform us that this ratio, in the case of 
Uie sun and earth, is actually that of 354,936 to 1, — the 
-ma being, in that proportion, more ponderous than tlie 
«arth. From this it will follow that the ciMhmon point 
ftbout which they both circulate is only 267 miles from the 
Sim's centre, or about yj^T^^ P^^ ^^ ^^ ^^^ diameter. 

(308.) Henceforward, then, in conformity with the 
above statements, and with the Gopemican view of our 
system, we must learn to look upon the sun as the com- 
paratively motionless centre about which the earth per- 
forms an annual elliptic orbit of the dimensions and ec- 
centricity, and with a velocity regulated according to the 
law above assigned ; the sun occupying one of the foci 
of the ellipse, and from that station quiedy disseminating 
on all sides its light and heat ; while the earth, travelling 
round it, and presenting itself differently to it at different 
times of the year and day, passes through fhe varieties of 
day and night, summer and winter, which we enjoy. 

(309.) In this annual motion of the earth, its axis pre- 
* See Cab. Cyc Mechanics, Centre oT Gravity. 
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serves, at all times, the sume diruction as if tlie orbitual 
movement had no esist£?nce ; and is carried round paral- 
lel to itself, and pointing nlways lo Uie same vanishing 
point in tlie sphere of the fixed stars. This it is wIl^E 
gives rise to the variety of seasons, as we shall now ex- 
plain. In so doing, we shall neglect (for a reason which 
ivfll be presendy explained) the elliplicity of tlie orbil, 
and suppose it a circle, with the snn in the centre. 

(310.) Let, then, S represent the sun, and A, B, C, IJ, 
four foaitions of the earth in its orbit, 90" apart, viz \ 




that which it has on the Zlst of March, ot at the time ol 
the vernal equinox ; B that of the 21st of June, or thf^. 
summer solstice ; C that of theSlst of September, or 1^. 
autumnal equinox ; and D that of the 21st of December, 
or the winter si^tice. In each of these positions let PQ 
represent the Miia of the earth about which its diurnal 
rotation is performed without interfering with its annual 
motion in its orbit. Then, since the sim can only en- 
lighten one half of the surface at once, viz. that turned 
towards it, the shaded portions of the globe in its several 
positions will represent the dark, and the bright, the en- 
lightened halves of the earth's surface in these positions. 
Now, Ist, in the position A, the sun is vertically over the 
intersection of the equinoctial FE and the ecliptic HG. 
It is, therefore, in the equinox ; and in this positioij the 
poles P, Q, both fall on the extreme confines of mh en- 
lightened side. In this positioxi therefore, it is day aver. 
half the northern and half the southern hemisphere at 
once ; and as the earth revolves on its axis, every point 
of Lis 9)irfai-e describes half its diurnal course in light, and 



CHAP. Y."] TEMPERATURE Ot THE EARTH. 197 

half in darkness ; in other words, the duration of day and 
night is here equal over the whole globe : hence the term 
equinox. The same holds good at th^ autumnal equinox 
on ^e position C. 

(311.) B is the position of the earth at the time of ih^ 
northern^ summer solstice. Here the north pole P, and 
a considerable portion of the earth's surface in its neigh- 
bourhood, as far as B, are situated within the enlighten* 
ed half. As the earth turns on its axis in this position, 
therefore, the whole of that part remains constantly en- 
lightttued ; therefore, at this point of its orbit, or at this 
season of the year, it is continual day at the north poley 
and in all that region of the earth which encircles this 
pole as far as B— that, is, to the distance of 23° 28' fxom 
the pole, or within what is caUed, in geography, the arctic 
cirae* On the other hand, the opposite or south pole Q, 
^th all the region comprised within the antarcHe circle^ 
as far. as 23° 28' from the south pole, are immersed at 
this season in darkness, during the entire diumal rotation, 
so that it is here continual night. 

(312.) With regard to that portion of the surface com- 
prehended between the arctic and antarctic circles, it is 
no less evident that the nearer any point is to the north 
pole, the larger wiU be the portion of its diurnal course 
comprised within the bright, and the smaller within the 
dark hemisphere ; that is to say, the longer will be its 
day, and the shorter its night. Every station north of the 
equator will have a day of more and a night of less than 
twelve hour's duration, and vice versa. All these phe- 
nomena are exactly inverted when the earth comes to the 
opposite point D of its orbit. * 

(313.) Now, the tempej^ture of any part of the eacth's 
surface defends mainly, if not entirely, on its exposure, to 
the sun's rays. Whenever the sun is above the horixon 
of any place, that place is receiving heat ; when below, 
pa ting with it, by the process called radiation ; and the 
whole. quantities received and parted with in the year 
must balance each other at every station, or the equilibri- 
um of temperature would not be supported. Whenever, 
then, the sun remains more than twelve hours above tlie 
horizon of any place, and less beneath, the genera] tcmpe- 
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rature of that place will be above the average ; when th» 
reverse, below. Ab the earth, then, moves from A to B, 
the days grooving longer, and the nights Ehorler in th6 
norlhern hemisphere, the temperature of every part of that 
hemisphere incteuaea, mid we pass from spring to sum* 
mer, while at the same time the reverse obtains in the 
southern hemisphere. As the earth passes from B to C, 
the days and nighla again approach to equality — the ex- 
cess of temperature in the northern hemisphere above the 
mean state grows less, as well as its defect in the south- 
ern ; and at the autumaal equinox, C, the mean state ia 
once more attained. From thence to D, and, finally, 
round again to A, all (he same phenomena, it is obvious, 
must again occur, but reversed, it being now winter in 
the northern, and summer in the southern hemisphere. 

(314.) All this is exactly consonant lo observed fact 
The continual day within the polar circles in summer, 
and night in winter, the genera) increase of t«mpoTature 
and length of day as the sun approaches the elevated 
pole, and the reversal of the seasons in the northern and 
southern hemispheres, are all facts too well known to 
require further comment. The positions A, C of the 
earth correspond, as we have said, to the eqninoxea ; 
those at B, D to the soUticei. This term must be ex* 
plained. If, at any point, X, of the orbit, we draw XP 
the earth's axis, and XS to the sun, it is evident that the 
angle PXS will be the sun's polar diitatice. Now, this 
angle is at its maximum in the position D, and at its 
minimum at B; being in the former case =90°-f-23* 
28'=103° SB', snd in the latter 80°— 23' a8'=66'* 32'. 
At these points the sun ceases to approach to or to recede 
from the pole, and hence the name solstice. 

(315.) The elliptic form of the earth's orbit has tral 
a very trifling share in producing the variation of tem- 
perature corresponding to the difference of seasons. This 
assertion may »t first sight seem incompatible with what 
we know of the laws of the communication of heat from 
a luminary placed at a variable distance. Heat, like 
light, being equally dispersed from the sun in all direc- 
tions, and being spread over the surface of a sphere con- 
tinually enlarging as we recede from the centre, must of 



». 



CHAP, y,] EQ^AL DISTRIBUTION OF HEAT. 189 

course diminish in intensity according to the inverse pro- 
portion of the surface of the sphene over which it is 
spread ; that is, in the inverse proportion of the square 
of the distance. But we have seen (art. 293) that this 
is also the proportion in which the angular velocity of 
the earth about the sun varies. . Hence it appears, that* 
the momentary supply of heat received by the earth from 
the sun varies in the exact proportion of the angular ve- 
locity, i. c. of the momentary increase of longitude $ and 
from this it follows, that equal amounts of heat ^are re- 
ceived from the sun in passing over equal angles round 
it, in whatever part of the ellipse those angles may be 
situated. Let, then, S represent the sun ; AQMP the 




earth's orbit ; A its nearest point to the sun, or, as it ^s 
called, ihe perihelion of its orbit ; M the farthest, or the 
aphelion; and therefore ASM the axis of the ellipse. 
Now, suppose the orbit divided into two segments by a 
straight line PSQ drawn through the sun, and any how 
situated as to direction ; then, if we suppose the earth 
to circulate in the direction PAQMP, it will have passed 
over 180° of longitude in moving from P to Q, and as 
many in moving from Q to P. It appears, tiierefore^ 
from what has b^en shown, that the supplies of heat re- 
ceived from the sun will be equal in the two segments, 
in whatever direction the line PSQ be drawn. They 
will, indeed, be described in unequal times ; ihat in 
which the perihelion A lies in a^ shorter, and the other 
in a longer, in proportion to their unequal area ; but the 
greater proximity of the sun in the smaller segment com* 
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pensates exaclly for its more rapid deactiption, and thus 
an equilibrium of heat is, at it werB, maintained. Were 
it not for this, the eccentricity of the orbit would mate- 
rially influence the tranaition of seasonB. The fluctua- 
tion of distance amormts to nearly J^th of its mean quan- 
tity, and tonseq^uently, the fluctuation in the sun's direct 
heating power to double this, or j'jlh of the whole. 
Now, the perihelion of the orbit is situated nearly at the 
place of tlie northern winter solstice ; so that, were it 
not for the compensation we have just described, the 
effect w'oiild be to enaggerate the difference of summer 
and winter in the sontbem hemisphere, and to moderate 
it in the northern ; thus producing a more violent alter- 
nation of climate in the one hemisphere, and an approach 
to perpetual spring in the other. As it is, however, no 
such inequality subsists, but an equal and impartial dis- 
tribution of heat and light is accorded to both.' 

(316.) The great key to simplicity of conception in 
astronomy, and, indeed, in all sciences where motion ia 
concerned, consists in contemplating every movement as 
referred to points which are either permanently fixed, 
or so nearly so, as tliat their motions shall be too smaU 
to interfere materially with and confuse our notions. In 
the choice of these primary points of reference, too, we 
must endeavour, as far as possible, to select such as havf 
simple and symmetrical geometrical relations of situa 
tion with respect to the curves described by the moving 
parts of the system, and wliich are thereby fitted to per 
form the office of natural centres — advantageous sta 
tions for the eye of reason and theory. Having learned 
to attribute an nrbitual motion to the earth, it loses this 
advantage, which is transferred to the avin, as the fired' 
centre about which its orbit is performed. Precisely as, 
.'^flii embarrassed by the earth's diurnal motion, we 
^have learned to transfer, in imagination, our station of 
observation from its surface to its centre, by the appli- 
cation of the diurnal parallax ; so, when we come to in-' 
quire into the movements of the planets, we shall find 

• See GpoloBifsl Ttmuaeliom. 1833, 
wliii:li may uiBilenba GeuldglCBl Pliei 
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ourselves continually embarrassed by the orbitual mo- 
tion of our point of view, unless, by the consideration of 
the annual or heliocentric' parallax , as it may be termed, 
we consent to refer all our observations on them to the 
centre of the sun, or rather to the common centre of gra- 
vity of the sun, and the other bodies which al^ connect- 
ed with it in our system. Hence arises the distinction 
between the geocentric and heliocentric place of an ob- 
ject. The former refers its situation in space' to an 
imaginary sphere of infinite radius, having the centre of 
the earth for its centre — the latter to one concentric with 
the sun. Thus, when we speak of the heliocentric lorir 
gitudes and latitudes of objects, we suppose the specta^ 
tor situated in the sun, and referring them, by circles 
perpendicular to the plane of the ecliptic, to the great 
circle marked out in the heavens by the infinite prolonga- 
tion of that plane. 

(317.) The point in the imaginary concave of an in- 
finite heaven, to which a spectator in the sun refers the 
earth, must, of course, be diametrically opposite to that to 
which a spectator on the earth refers the sun's centre ; 
consequently, the heliocentric latitude of the earth is 
always nothing, and its heliocentric Idngitude always 
equal to the sun's geocentric longitude -f-180°. The 
heliocentric equinoxes and solstices are, therefore, the 
same as the geocentric; and to conceive them, we have 
only to imagine a plane passing through the sun's centre, 
parallel to the earth's equator, and prolonged infinitely 
on all sides. The line of intersection of this plane and 
the plane of the ecliptic is the line of equinoxes, and the 
solstices are 90° distant from it. 

(318.) The position of the longer axis of the earth's 
orbit is a point of great importance. In the figure (aifc 
315) let ECLI be the ecliptic, E the vernal equiiMMBf It ^ 
the autumnal (t. e. the points to which the earth ia ri^ 
f erred from the sun when its heliocentric longitudes are 
0® an/ 180° respectively). Supposing the earth's mo- 
tion to be performed in the direction ECLI, the angle 
ESA, or the longitude of the perihelion, in the year 1800 
was 99° 30' 5" : we say in the year 1800, because, in 
point of fact, by the operation of causes hereafter to be 
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exjdained, its position is subject to an extremely slow vjr 
nation of about 18" per annum lo the eastward, and 
which, ill the progress of an immensely long' period— «rno 
less tb«:20,a84 jean — carries the axis ISM of the 
orbit completely ronnd ihi^ whole circumference of the 
ecliptic Bat this motion must be disregarded for the 
present, as veil as many other minute deviations, to be 
brought into Tiew when they can be better understood. 
. (319-.) Wen the eaith's orbit a circle, described with 
a "itftT" pclju-ity about ihc sun placed in its centre, no- 
thing could be eawer than lo calculate its position at say 
lime, with respect to Iht' line of equinoxes, or its longi- 
tude, for we should only iiave to reduce to numbers the 
proportion following; viz. One year : the time elapsed :: 
360° : the aro of longitude passed over. The longitude 
so calculated is called in astronomy theinnmlAngitudeof 
the earth. Bnt since thi? earth's orbit is n^lba circular, 
nor nniformly described, this rule will not aiire us the true 
place in the orbit at any proposed moment. Neverthe- 
less, as the eccentricity ajid deviation from the circle are 
small, the trueptaee will never deviate very far from that 
so determined (which, for distinction's sake, is called the 
mam place), and the former may at all times be calculated 
from the latter, by applying to it a correction or tqtiaiion 
(as it is termed), whose amount is never very great, and 
whose computation is a question of pure geometry, de- 
pending on the equable description of areas by the earth 
shout the san. Forsince, in ihe elliptic motion, accord- 
ing lo Kepler's law above slated, artas not tmglet are 
described uniformly, the proportion must now he staled 
thus; One year : the time elapsed :: the whole area of 
the ellipse : the area of the sector swept over by the ra- 
^ios vector in that time. This area, therefore, becomes 
^Down, and it is then, as above observed, a problem of 
puregeometry to ascertain the angJeabout the sun (ASP, 
Ag. art. 315), which corresponds to anv proposed frac- 
tional area of the whole ellipse supposed to be coutained 
in the sector APS, Suppose we set out from A the pe- 
rihelion, then will the angle ASP at first increase more 
rapidly than ihe mean longitude, and will, therefore, do- 
ring iho whole semi-revolution from A lo M, exceed it in 
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amount ; or, in other words, the true place will be in ad- 
vance of the mean : at M, one half of the year will have 
elapsed, and one half the orbit have been dewsribed 
whether it be circular or elliptic. Here, then, imrmecat 
and true places coincide ; but in all the other half of the 
orbit, from M to A, the true place will fall short of the 
mean, since at M the angular motion is slowest, and the 
true place from this point begins to lag behind the mean 
— to make up with it, however, as it approaches A, where 
it once more overtakes it. 

(320.) The quantity by which the true longitude of the 
earth differs from the mean longitude is called the equa- 
tion of the centre, and is additive during all the half-year 
in which the earth passes from A to IVl , beginning at 0® 
0' 0'', iii^afting to a maximum, and again diminish- 
ing to 'sBMf'0% M ; after which it becomes subtractive, 
attains t tflfa^umum of subtractive magnitude between M 
and A, and again diminishes to at A. Its maximum, 
bdlh additive and subtractive, is 1° 55' 33"-3. 

(331.) By applying, then, to the earth's mean longi- 
tude, the equation of the centre corresponding to any 
given time at which we would ascertain its place, the true 
longitude becomes known ; and since the sun is always 
seen from the earth in 180° more longitude than the earth 
from the sun, in this way also the sun's true place in the 
ecliptic becomes known. The calculation of the equa- 
tion of the centre is performed by a table constructed for 
that purpose, to be found in all ** Solar Tables." » 

(322.) The maximum value of the equation of the cen- 
tre depends only on the ellipticity of the orbit, and may 
be expressed in terms of the eccentricity. Vice versa, 
therefore, if the former quantity can be ascertained by 
observation, the latter may be derived from it ; because, 
whenever the law, or numerical connexion, between two 
quantities is known, the one can always be determined 
from the other. Now, by assiduous observation of the 
sun's transits over the meridian, we can ascertain, for 
every day, its exact right ascension, and thence conclude 
its longitude (art. 260). After this, it is easy to assign the 
angle by which this obsc'^ved longitude exceeds ot falls 
short of the mean ; and the greatest amount of this eysbeim 
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or defect which occurs in tlie whole year, is the maxi- 
mum equation of the centre. This, as 3 means of ascer- 
taining the eccentricity of the orbit, in a. far more easy and 
accurate method than that of concluding its distance by 
measuring its apparent diameter. The resultH of the two 
methods coincide, however, perfectly. 

(323.) If the ecliptic coincided with the equinoctial, 
the effect of the equation of the centre, by disturbing the 
uniformity of the sun' s apparent motion in longitude, 
woiitd cause an inequality in its time of coming on the 
meridian on successive days. When the sun's centre 
comes to the meridian, it ia apparent noon, and if ila mo- 
tion in longitude were uniform, and the ecliptic coincident 
with the equinoctial, this would always coincide with 
mean noon, or the stroke of 12 on a well-tegulaied solar 
clock. But, independent of the want of uniformity ia 
its motion, the obliquity of the ecliptic gives rise lo an- 
other inequality in this respect ; in consequence of which 
the sun, even supposing its motion in the ocliptic uniform, 
would yet alternately, in its time of attaining the meri- 
dian, anticipate and fall short of the mean noon as shown 
by the clock. For the right ascension of a. celestial ob- 
ject, forming a siile of a right-angled spherical trian- 
gle, of which its longitude is (he hypoihenuse, it is 
clear tliat tlie uniform increase of the latter must necessi- 
tate a deviation from uniformity in the increase of the 

(324.) These two causes, then, acting conjointly, pro- 
duce, in fact, a very considerable fluctuation in the time 
as shown per clock, when the sun really attains the 
meridian. It amounts, in fact, to upwards of half an 
hour ; apparent noon sometimes taking place as much as 
16Jmin. fie/bremenn noon, and at others as much as 14^ 
min. after. This difference between apparent and mean 
noon is called the equation of time, and is calculated and 
inserted in ephemerides for every day of the year, under 
that title i or else, which comes to the same thing, 
the moment, in mean time, of the sun's culmination, 
for each day, is set down as an astronomical phenome- 
non to be observed. 

(326.) As tlia sun. in its apparent annual course, ia 
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carried along the ecliptic, its declination is continually 
varying between the extreme limits of 23° 28' 40" north, 
and as much south, which it attains at the solstices. It 
is consequently always vertical over some part or other 
of that zone or belt of the earth's surface which lies be- 
tween the north and south parallels of 23° 28' 40". 
These parallels are called in geography the tropics / the 
northern one that of Cancer, and the southern of Capri- 
corn ; because the sun, at the respective solstices, is situ- 
ated in the division or signs of the ecliptic so denomi- 
nated. Of these signs there are twelve, each occupying 
30° of its circumference. They commence at the vernal 
equinox, and are named in order — Aries, Taurus, Gemi- 
ni, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Ca- 
pricornus, Aquarius, Pisces. They are denoted also by 
the following symbols: — T, 8, n, 25, ^, W, ^ ,Ttl, J^, 
Vy, ^, K. The ecliptic itself is also divided into 
signs, degrees, and minutes, &c. thus, 5' 27° 0' corres- 
ponds to 177° 0' ; but this is beginning to be disused. 

(326.) When the sun is in either tropic, it enlightens, 
as we have seen, the pole on that side the equator, and 
shines over or beyond it to the extent of 23° 28' 40". 
The parallels of latitude, at this distance from either 
pole, are called the polar circles, and are distinguished 
from each other by the names arctic and antarctic. The 
regions within these circles are sometimes termed frigid 
zones, while the belt between the tropics is called the 
torrid zone, and the immediate belts temperate zones.' 
These last, however, are merely names given for the 
sake of naming ; as, in fact, owing to the different dis- 
tribution of land and sea in the two hemispheres, 
zones of climate are not co-terminal with zones of lati- 
tude, 

(327.) Our seasons are determined by the apparent 
passages of the sun across the equinoctial, and its alter- 
nate arrival in the northern and southern hemisphere. 
Were the equinox invariable, this would happen at in- 
tervals precisely equal to the duration of the sidereal 
year ; but, in fact, owing to the slow conical motion of 
the earth's axis described in art. 264, the equinox re- 
treats on the ecliptic, and meets the advancing sun some^ 

S2 
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whatbe/oTe the whole sidereal circuit is completed. The 
annual retreat of the equinox is 50"-l, and this arc 13 
described by the sun in the ecliptic in 20' 19"'9, By 
80 much shorter, then, ia llie periodical return of our 
seasons tjian the true sidereal revolution of the earth 
round the sun. As the latter period, or sidereal year, is 
equal to 365'' B'' 9" 9' -6, it follows, then, that the former 
must be only 365'' 5" 48' 49" -7 ; and ihia is what is meant 
by the tropical year. 

(32B.) We have already mentioned that the longer 
axis of the ellipse described by the earth has a alow mo- 
lion of 11 "-8 per annum in advance. From this it re- 
sults, that when the earth, setting out from the perihelion, 
has completed one sidereal period, the perihelion will 
have moved forward by 11"'8, which arc must be de- 
scribed before it can again reach the perihelion. In so 
doing, it occupies 4' 39"'7, and this must therefore be 
added to the sidereal period, lo give (he interval between 
two consecutive returns to ilie perihelion. This in- 
terval, then, is 365'' &• 18- 49' -3,* and is what is called 
the anomalistic year. All these periods have their uses 
in astronomy ; but that in which mankind in general are 
most interested is the tropical year, on which the return 
of tlie seasons depends, and which we thus perceive to 
be a compound phenomenon, depending chiefly and di- 
rectly on (he annual revolution of (he earth round the 
sun, but subordinately also, and indirectly, on its rota- 
tion round its own axis, which is what occasions the 
precession of the equinoxes ; thus affording an instruc- 
tive example of the way in which a motion, once ad- 
mitted in any part of our system, may be traced in its 
influence on others with which at first sight it could not 
possibly be supposed to have any thing lo do. 

(329.) As a rough consideration of the appearance of 
the earth points out the general roundness of its form, 
and more exact inquiry has led us first to the discovery 
of its elliptic figure, and, in the further progress of re- 
finement, to the perception of minuter local deviationa 

*The«e numben, u well ai all Oe other numerical dara oT our >y» 
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from that figure ; so, in investigating the solar motions, 
the first notion we obtain is that of an orbit, generally 
speaking, round, and not far from a circle, which, on 
more careful and exact examination, proves to be an 
ellipse of small eccentricity, and described in conformity 
with certain laws, as above stated. Still minuter in- 
quiry, however, detects yet smaller deviations again 
from this form and from these laws, of which we have 
a specimen in the slow motion of the dxis of the orbit 
spoken of in art. 318 ; and which are generally compre- 
hended under the name of perturbations and secular in- 
equalities. Of these deviations, and their causes, we 
shall speak hereafter at length. It is the triumph of 
physical astronomy to have rendered a complete account 
of them all, and to have left nothing unexplained, either 
in the motions of the sun or in those of any other of the 
bodies of our system. But the nature of this explana- 
tion cannot be understood till we have developed the 
law of gravitation, and carried it into its more direct 
consequences. This will be the object of our three fol- 
lowing chapters ; in which we shall take advantage of 
•the proximity of the moon, and its immediate connexion 
with and dependence on the earth, to render it, as it 
were, a stepping-stone to the general explanation of the 
planetary movements. 

(330.) We shall conclude this by .describing what is 
known of the physical constitution of the sun. 

When viewed through powerful telescopes, provided 
with coloured glasses, to take off the heat, which would 
othe^rwise injure our eyes, it is observed to have fre- 
quently large^ and perfectly black spots upon it, sur- 
rounded with a kind of border, less completely dark, 
called a penumbra. Some of these are represented at 
a, 6, c, plate iii. fig. 1, in the plate at the end of this 
volume. They are, however, not permanent. When 
watched from day to day, or even • ijrom hour to hour, 
they appear to enlarge or contract, to change their forme, 
and at length to disappear altogether, or to break out 
anew in parts of the surface where none were before. 
In such cases of disappearance, the central dark spot 
always contracts into a point, and vanishes before the 
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border. Occasionally they break up, or divide into two 
or more, and in those offer every evidence of thsi ex- 
treme mobility which belongs only to the fluid state, and 
of that excessively violent agitation which seems only 
compatible with the atmospheric or gaseous state of mat- 
ter. The scale on which their movements -take place is 
immense. A single second of angular measure, as seen 
from the earth, porresponds on the sun's disc to 466 
miles ; and ^ circle of this diameter (containing there- 
fore nearly 220,000 square miles) is the least space which 
can be distinctly discerned on the sun as a visible arecu 
Spots have been observed, however, whose linear dia- 
meter has been upwards of 45,000 miles ;* and even, if 
some records are to be trusted, of very much greater ex- 
tent. That such a spot should close up in six weeks'. 
time (for they hardly ever last logger), its borders must 
approach at the rate of more tl|a|P 1000 miles a day. 

Many other circumstances -i^d to corroborate this 
view of the subject. The part of the sun's disc not oc- 
cupied by spots is far from uniformly bright. Its ground 
is finely mottled with an appearance of minute, dark 
dots, or pores f which, when attentively watched, are 
found to be in a constant state of change. There is 
nothing which represents so faithfully this appearance 
as the slow subsidence of some flocculent chymical pre- 
cipitates in a transparent fluid, when viewed perpen- 
dicularly from above : so faithfully, indeed, that it is 
hardly possible not to be impressed vith the idea of a 
luminous medium intermixed, but not confounded^ wwi 
a transparent and non-luminous atmosphere, eithermidi^ 
ing as clouds in our air, or pervading it jji vast sheets 
and columns like flame, or the streamers of our northern 
lights. 

(331.) Lastly, in the neighbourhood of great spots, or 
extensive groups of them, large spaces of the surface are 
often observed t^ be covered with strongly marked 
curved, or branching streaks, more luminous than the 
rest, called faculse, and among these, if not already 
existing, spots frequently break put. They may, 

* Mayer, Obs. Mar. 15, 1758. *' Ingens macula in sole conspiciebatiu 
nujus diameter = -^j^ diam. soils." 
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perhaps, be regarded with most probability, as the 
ridges of immense waves in the luminous regions of the 
sun's atmosphere, indicative of violent agitation in their 
neighbourhood. 

(332.) But what are the spots ? Many fanciful notions 
have been broached on this subject, but only one seems 
to have any degree of physical probability, viz. that they 
are the dark, or at least comparatively dark, solid body 
of the sun itself, laid bare to our view by those Immense 
fluctuations in the luminous regions of its atmosphere, to 
which it appears to be subject. Respecting the manner 
in which this disclosure takes place, different ideas again 
have been advocated. Lalande . (art. 3240) suggests, 
that eminences in the nature of mountains are actually 
laid bare, and project above the luminous ocean, appear- 
ing black above it, while their shoaling declivities pro- 
duce the penumbras, where the luminous fluid is less 
deep. A fatal objectibiB^jto this theory is the perfectly 
uniform shade of tiie penumbra and its sharp termination, 
both inwards, where it joins the spot, and outwards, 
where it borders on the bright surface. A more proba- 
ble view has been taken by Sir William Herschel,* who 
considers the luminous strata of the atmosphere to be 
sustained far above the level of the solid body by a 
transparent elastic medium, carrying on its upper sur- 
face (or rather, to avoid the former objection, at some 
considerably lower level within its depth,) a cloudy 
stratum which, being strongly illuminated from above, 
Ciflects a considerable portion of the light to our eyes, 
2^ffffy$B a penumbra, while the solid body, shaded by 
tki^liloQds, reflects none. The temporary removal of 
both the strata, but more of the upper than the lower, he 
supposes effected by powerful upward currents of the 
atmosphere, arising, perhaps, from spiracles in the body, 
or from local agitations. See fig. 1. d, plate III. 

(333.) The region of the spot? j| ^confined within 
about 30° of the sun's equator, and, from their motion on 
the surface, carefully measured with micrometers, is as- 
certained the position of the equator, which is a plane 
inclined' 7° 20' to the ecliptic, and intersecting it in a line 

♦Phil. Trans. 1801. 



aOO A TREATISE ON ASTRONOMY. [CHAP.V. 

whose dirf-tion makes an angle of 80° 21' witK that ol 
the equinoxes. Il has been also noticed (not, we think, 
without great need nf further confirmation), that extinct 
BpolH have again broken out, after long intervals of tine, 
on the saiae identical points of the sun's globe. Our 
knowledge of the period of its rotation (which, according 
to Delambre's calculations, is 25'^-01154, hot, according 
to others, materiEdly different,) can hardly be regarded as 
Eufficiendy precise to establish a point of so much nicety. 
(334.) That the temperature at the visible surface of 
the sun .caanot be otherwise than very elevated, much 
more so ffaaa any artificial heat produced in our fiimaces, 
or by chemical or galvanic processes, we have indications 
of several distinct kinds : 1st, From the law of decrease 
of radiant heat and light, which, being inversely as the 
squares of the distances, it follows, that the heat received 
. on a given area exposed at the distance of the earth, and 
on an equal area at the visible surface of the sun, must 
be in the proportion of the area of the sky occupied by 
the sun's apparent disc to the whole hemisphere, or as 1 
to about 300000, A far less intensity of solar radiation, 
collected in the focus of a burning glass, suffices to dis- 
sipate gold and plalina in vapour. 2dly, From the fa- 
cility with which the calorific rays of the sun traverse 
glass, a property which is found to belong to the heat of 
artificial fires in the difect proportion of their intensity." 
3dly, From the fact, that the most vivid Hamea disappear, 
and the most intensely ignited solids appear only as black 
spots on the disk of the sun when held between it and 
the eye.f From this last remark it follows, that the body 
of the sun, however dark it may appear when seen through 
its spots, tnay, nevertheless, be in a state of most intense 
with ihe , 



. , . la ataal moilea of es^imolioii, I 

find that oul of 1000 ralori/ic solnr rayi, SIS pwutrele a shenl of plale 
glau fht2 inch thiekj VLil thm of lUOO rnys wnidl have pa^^ed thnjiigh 
one <uch plate, 859 are capable of pesmg' thmagh uiother,' — Auihor. 
+T}.p Vnll nriiFikLiul <t < < ioL-.i i .na in lieuLenout DrujooioTui 'fl oxy-bydro- 
II of the Bolar BtJeodour whieS baa 
Thfl Bppoanince nf this agairai iha sun wbb, huw- 
1 an imporfaci nial al which I wn" nrii««iiL Thn 
} be rcpeatHl tuidcr favourable 
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ignition. It does not, however, follow of necessity that 
it must be so. The contrary is at least physically possi 
We. A perfectUf reflective canopy would effectually de« 
iend it from the radiation of the luminous regions above 
its atmosphere, and no heat would be conducted down- 
wards through a gaseous medium increasing rapidly in 
density. That the penumbral clouds are h ghly reflect- 
ive, the fact of their visibility in such a situation can 
eave no doubt. 

(336.) This immense escape of heat byrsudiation, we 
may also remark, will fully explain the constant gtate of 
tumultuous agitation in which the fluids coqiposing the 
visible surface are maintained, and the continual genera- 
tion and flUing in of the poreSf without having recourse 
to internal causes. The mode of action here alluded to 
is perfectly represented to the eye in the disturbed sub- 
sidence of a precipitate, as described in art. 330, when y^^. 
the fluid from which it subsides is warm, and losing heat 
from its surface. 

(336.) The sun's rays are the ultimate source of al- 
most every motion which takes place on the surface of 
the earth. By its heat are produced all winds, and those 
disturbances in the electric equilibrium of the atmosphere 
which give rise to the phenomena of terrestrial magnet- 
ism. By their vivifying action vegetables are elaborated 
from inorganic matter, and become, in their turn, the sup- 
port of animals and of man, and the sources of those 
great deposites of dynamical efliciency which are laid up 
for human use in our coal strata. By them the waters 
'tii the aea are made to circul£U;e in vapour through the 
ail, and irrigate the land, producing spring* and rivers. 
By them are produced all disturbances of the chymical 
equilibrium of the elements of nature, which, by a series 
of compositions and decompositions, give rise to new 
products, and originate a transfer of materials. Eves 
the slow degrad^tipQ^ 4he solid constituents of the sur- 
faccj itt which its chii^ geological changes consist, and 
thejr diffusion among the waters of the ocean, are entirely 
due to the abrasion of the wind and rain, and the alter- 
nate actidb of the seasons ; and when we consider the 
immense transfer of matter so produced, the increase of 
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pressure over large spaces in the bed of the ocean, snA i 
diminution over corresponding portions of the land, wfi j 
are not at a loss to perceive how the elastic power of 1 
subterranean firea, thus repressed on the one hand anif J 
relieved on the other, may break forth in pointE " "_ 
the resistance is barely adequate to their retention, andfrV 
thus bring the phenomena of even volcanic activity undM* I 
the general law of solar influence. ' 

(337.) The great mystery, however, is to conceire 1 
liow ao enormous a conflagration (if such it be) c 
kept up. Every discovery in chymical science hero 
leaves ua completely at a loss, or rather, seems to remove 
farther the prospect of probable explanation. If conjec- 
ture might be hazarded, we should look rather lo the 
known possibility of an indefinite generation of heat by 
friction, or to its excitement by the electric discharge, 
. Ihan to any actual combustion of ponderable fuel, whe- 
ther solid orgaseous, for tlie origin of the solar radiation.* 

• Elenlricily traverang eiccwivoly rarefied air or vapoiira, gives out 
llghi, and, doubtless, alsn heat. May not a coniinual eurrenl of eleclrie 
matwr be eanxuaiily circulaling in Uie sun's inuDedisle neiglibourtuud, 
or ItBTotBing the pUneiary epncOB. and eiciting, in Iho upper fegioni of 
ils aDnoepbere, those pbeiiomena of which, en however diminutive h 
scale, we have yet an uneniiivooal maniTeitBtion inouf anron borealiB I 
The possible analogv of the oolai light to that oT (he Bunra baa been 
dlalintrly inaiated on by Toy father, in bia paper already <:ited. It would 
be a highly curioufl Mubject of eTperimental inquiry, bow far a mere re- 
dupbealion of riieeB of flume, HI a diataDce one behind the odier (by 
wbich their light might bo brought W any required Inlensilyl, would coni- 
municBle lo the keat of the resulting compuuud ray the piselraling thn- 
ntcter whicb distinguishes the solar calutiSc lays- We may alto observe, 
that the tranquillity of the siui'a polar, as compared with its eqaalorial 
regions {if its spots be really atmosplieric), cannot be acconntad for by its 
rotation on in aiis only, but vmM arise fiorn some cause eiieraol to ibe 
sun, as we see the bells or Jupiter and Saturn, end our trade-winds, arbe 
from B eanae, eitomnl lo these planctt, comtdning itself with their raw- 
timi. which alone vaa produce no motion! when once the tbim of equili- 
brium is attained. 

lysis of the solar beam eihlbila in die epectmni a 
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IB can davi any conclusions Ihim 
, that previous to reaching us It has 
dergone the whole abeorptive action of our almospberc, as well as of 
ihesun'i. or the latter we know nothing, and may coi^ecture every 
thing ; but of the bluo colour of the fcrroer we are sure ; and if Ibis be 
an inherent (i. e. an absorptive) colour, the air must be eipecttd to act 
Dn the epeelnim a<)«r the analogy of other coloured media, which olteu 
;and Bip«io% liglt blue mcdia)Tenvc uriabsorbed portions separated by 
dark inlorvals. It deserves inquiry, therefore, whether some or all the 
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CHAPTER VI. 

Of the Moon — ^Its sidereal Period — ^Its apparent Diameter — Its Parallax, 
. Dirtuice, and real Diameter— First Approximation to its Orbit — ^Ab 
EUlipse about the Earth in the Focus — ^Its £ccentricit7 and tncliqa* 
tion — ^Motion of the Nodes of its Orbit— Occultations—^Solar Eclipsef 
— niases of the Moon — ^Its synodical Period — Lunar EcHpses — 
Motion of the Apsides of its Orbit — Physical Constitution of the Moon 
— ^Its Mountains — Atmosphere— Rotation on Axis — ^LAratioo — Ap- 
pearance of the Earth from it 

(388.) The moon, like the sun, appears to advance 
&mong the stars with a movement contrary to the general 
diurnal motion of the heavens, hut much more rapid, so 
as to be very readily perceived (as we have before ob- 
served) by a few hours' cursory attention on any moon- 
light night. By this continual advance, which, though 
sometimes quicker, sometimes slower, is never intermit- 
ted or reversed, it makes the tour of the heavens in a 
mean or average period of 27** 7** 43" 11*'5, re turnings 
in that time, to a position among the stars nearly coin- 
cident with that it had before, and which would be ex- 
actly so, but for causes presently to be stated. 

(339.) The moon, then, like the sun, apparently de- 
scribes an orbit round the earth, and this orbit cannot be 
very different from a circle, because the apparent angular 
diameter of the full moon is not liable to any great extent 
of variation. 

(340.) The distance of the moon from the earth is 
concluded from its horizontal parallax, which may be found 
either directly, by observations at remote geographical 
stations, exactly similar to those described in art. 302, 
in the case of die sun, or by means of the phenomena 
called occultations (art. 346), from which also its appa- 
rent diameter is most readily and correctly found. From 
such observations it results that the mean or average ^ip- 

fixed Imea obsenred by WoUaston and Frannhofer may not have their 
•rigin in our own atnosphere. Experiments made on lofty mountains, 
or the <Sn of balloons, on the one hand, and on the other with reflected 
beams which have been made to traverse several miles of additional air 
near the surface, would decide this point The absorptive effect of the 
8un*s atmosphere, and possibly also of the medium surrounding it (what* ^ 
ever it be), which resistB the motions of comets, cannot be ^us eliminated. 
—Auikor. _, 
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tance of the centre of the moon from thai of the earth 
is &9-96i3 of the earth's equatorial radii, or about 
237,000 miles. This distance, great as it is, is liltle 
more than one fourth of the diameter of the sun's body, 
BO that the globe of the sun would nearly tirice include 
the whole orbit of the moon ; a consideration wonderfully 
calculated to raise our ideas of that stupendous lumi- 
nary I 

{341.) The distance of the moon's centre from an ob- 
server at any station on the earth's surface, compared 
with its apparent angular diameter as measured from thai 
station, will give its real or linear diameter. Now, thu 
fiirtner distance is easily calculated when the distance 
from the earth's centre is known, and the apparent zenith 
distance of the moon also determined by observation ; 
for if we turn to the figure of art. 298, and suppose S the 
inoon, A the station, and C the earth's centre, the dis- 
tance SC, and the earth's radius CA, two sides of the 
triangle ACS are given, and the angle CAS, which is the 
supplement of ZAS, the observed zenith distance, whence 
it is easy to find AS, the moon's distance from A. From 
such observations and calculations it results, that the 
real diameter of the moon is 2160 miles, or about 0-3729 
of that of the earth, whence it follows that the bulk of 
the latter being considered as 1, that of the former will 
be 0-0204, or about -f\. 

(342.) By a series of observations, such as described 
in art. 340, if continued during one or more revolutions 
df the moon, its real distance maybe ascertained at every 
point of its orbit ; and if at the same time its apparent 
places in the heavens be observed, and reduced by means 
of its parallax to the earth's centre, their angular inter- 
vals will become known, so that the path of the moon 
may then be laid down on a chart supposed to represent 
the plane in which its orbit lies, just as was explained in 
the case of the solar ellipse (art. 292). Now, when this 
is done, it is found that, neglecting certEun small (though 
very perceptible) deviations (of which a satisfactory ac- 
count will hereafter be rendered), the form of the appa- 
rent orbit, like that of the sun, is elliptic, but consider- 
ably more eccentric, the eccentricity amounting to 0' 05 184 
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of the. meali distance, or the major semi-axis of the eUiiMCy 
and the earth's centre being situated in its focus. 

(343.) The plane in which this orbit lies is not the 
ecliptic, however, but is inclined to it at an angle of 5° 
8'. 48", which is called the inclination of the lunar orbit, 
and intersects it in two opposite points, which are called 
its node— -the ascending node being that in which the 
moon passes from the southern side of the ecliptic to the 
northern, and the descending the reverse. The points 
of the orbit at which the moon is nearest to, and farthest 
from, the earth, are called respectively its perigee and 
apogee^ and the line joining them and the edrth the line 
of omsides, 

(344.) There are, however, several remarkable cir- 
cumstances which interrupt the closeness of the analogy, 
which cannot fail to strike the reader, between the mo- 
tion of the moon around the earth, ahd of the ear^ round 
the sun. In the latter case, ^e ellipse described r^aains, 
during a great many revolutions, uni^tered in its positioti 
and dimensions ; or, at least, the changes whidi it Ymdef- 
goes are not perceptible but in a course of very nice ob- 
servations, wiuch have .disclosed, it is true, the existence 
of '' perturbations," but of so minute an order, that, in 
ordinary parlance, and for common purposes, we may 
leave them unconsidered. But this cannot be done in 
the case of the moon. Even in a single revolution, its 
deviation from a perfect ellipse is very sensible. It does 
not return to the same exact position among the istars 
from which it set out, thereby indicating a continual 
change in the plane of its orbit. And, in effect, if we 
trace by observation, from month to month, the point 
where it traverses the ecliptic, we shall find that ^e nodes 
of its orbit are in a ecmtinual state of retreat upon the 
ecliptic. Suppose O to be ^e earth, and Abad that 
portibn of the plane of the ecliptic which is intersected 
by the moon, in its alternate passages through it, 'from 
south to north, and vice versa ; and let ABCDEF be a 
portion of the moon's orbit, embracing a complete side- 
real revolution. Suppose it to set out from the ascending 
node, A ; then, if the orbit lay all in one plane, passing 
through O, it would have a, the opposite point in the 
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ecliptic, for ils descending node ; aft^r passinj; which, il 
would agaiu ascend at A. But, in fact, ifa reS path car- 



ries it not to a, but along a certain curve, ABC, to C a, 
point in the ecliptic less than 180° distant from A ; so 
that the angle AOC, or the arc of longitude described 
between the ascending and the desceading node, is some- 
what less than 180°. It then pursues its course below 
the ecliptic, along the curve CDE, and rises again above 
it, not 3t the point c, diametrically opposite to C, but at 
a point E, less advanced in longitude. On the whole, 
then, the arc described in longitude between two conse- 
cutive passages from south to north, through the plane 
of the ecliptic, falls short of 360° by the angle AOE ; 
or, in other words, the ascending node appears to have 
retreated in one lunation, on the plane of the ecliptic by 
that amount. To complete a sidereal revoludon, then, it 
must still go on to describe an arc, AF, on its orbit, 
which will no longer, however, bring it exactly back lo 
A, but to a point somewhat above it, or having noTtk lati- 
tude. 

(345.) The actual amount of this retreat of the moon's 
node is about 3' 10"-64;>er diem, on an average, and in 
a period of 0793-39 mean solar days, or about 1 B-6 years, 
the ascending node is carried round in a direction con- 
trary to the moon's motion in its orbit (or from east lo 
west) over a whole circumference of the ecliptic. Of 
course, in the middle of this period the position of the 
orbit must have been precisely reversed from what it was 
at the beginning. Its apparent path, tlien, will lie among 
totally different stars and constellations at dilTerenl parts 
of this period ; and, this kind of spiral revolution being 
continually kept up, it will, at one lime or other, covei 
with its disc, every point of tlie heavens within that 
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limit of latitude or distance from " the ecliptic which its 
inclination permits ; that is to say, a belt or zone of Ac 
heavens, of 10° 18' in breadth, having the ecliptic for its 
middle line. Nevertheless, it still remains true that the 
actual place of the moon, in consequence of this motion, 
deviates in a single revolution very little from what it 
would be were the nodes at rest. Supposing the moon 
to set out from its node A, its latitude, when it comes to 
F, having completed a revolution in longitude, will not 
exceed 8' ; and it must be borne in mind that it is to ac- 
count for, and represent geometrically, a deviation of this 
small order, that the motion of the fwdea is devised. 

(346.) NoWi as the moon is at a very moderate dis- 
tance from us (astronomically speaking) « and is in fact 
our nearest neighbour, while the sun and stars are in 
comparison immensely beyond it, it must of necessity 
happen, that at one time or other it nrast pasi o^er and 
occult or ecKpse every star and planet within the zone 
above described (and, as seen from the surface of earth, 
even somewhat beyond it, by reason of parallax, which 
may throw it apparently nearly a degree either way 
from its place as seen from the centre, according to Uie 
observer's station). Nor is (he sun itself exempt from 
being thus hidden, whenever any part of the moon's 
disc, in this her tortuous course, cornea to ovtrlap any 
part of the space occupied in the heavens by that lumi- 
nary. On these occasions is exhibited the most striking 
and' impressive of all the occasional phenomena of astro- 
nomy, an eclipse of the 9un, in which a greater or less 
portion, or even in some rare conjunctures the whole, of 
its disc IS obscured, and, as it were, obliterated, by the 
superposition of that of the moon, which appears upon 
it as a circularly-terminated black spot, producing a 
temporary diminution of daylight, or even nocturnal 
darkness, so that the stars appear as if at midnight. In 
other cases, when, at the nK)ment that the moon is cen- 
trally superposed on the sun, it so happens that her dis- 
tance from the earth is such as to render her angular 
diameter less than the sun's, the very singular pheno- 
menon of an <mnular solar ecUpei takes plaoe, when 
file edge of the son appears for a few ^aulee^ i 

T2 
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row ring of light, projecting on all sides beyond the dark 
ciircle occupied by the moon in its centre. 

(347.) A Bolar eclipse cun only happen when the sun 
and moon are in conjunelion, that is to say, have the 
tame, or nearly the same, position in the heavens, or the 
same longitude. Il will presently be seen that this con- 
dition can only be fulfilled at the time of a new moon, 
through it by no meana follows, that at every conjunction 
th«re mutt be an eclipse of the sun. If the lunar orbit 
coincided with the ecliptic, this would be the case, but 
as it is inclined to it at an angle of upwards of 5", it is evi- 
dent that the conjunciion, or equality of longitudes, may 
take place when the moon is in the pari of her orbil loo 
remote from the ecliptic to permit the discs to meet and 
overlap. It is easy, however, to assign the limits within 
which an eclipse is possible. To this ead we must con- 
sider, that, by the effect of parallax, the moon's appa- 
rent edge may be thrown in any direction, according to 
a spectator's geographical station, by any amount not 
exceeding the hoiizontal parallax. Now, this comes to 
the same (so far as the possibility of an eclipse is coa- 
cerned) as if the appiirenl diampler of the moon, seen 
from tiie earth's centre, were dilated by twice its hori- 
zontal parallax ; for, if, when so dilated, it can touch or 
overlap the sun, there must be an eclipse at some part or 
other of the earth's surface. If, then, at the moment of 
the nearest conjunction, the geocentric distance of the 
centres of the two luminaries do not exceed the sum of 
their semidiameters and of the moon's horizontal paral- 
lax, there will be an eclipse. This sum is, at its maxi- 
mum, about 1° 34' 27". In the spherical triangle SNM, 




then, in which S is the sun'a oentre, M the moon's, SN 
the ed^e, MN the moon's orbit, and N the node, we 
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may suppose the angle NSM a right angle, SM=1® 34' 
27", and the angle MNS=5° 8' 48", the inclination of 
the orbit. Hence we calculate SN, which comes out 
16° 58'. If, then, at the moment of the new moon, the 
moon's node is farther from the sun in longitude than 
this limit, there can be no eclipse ; if within, there may, 
and probably will, at some part or other of the earth. 
To ascertain precisely whedier there will or not, and, 
if there be, how great will be the part eclipsed, the solar 
and lunar tables must be consulted, the place of the node 
and the semidiameters exactly ascertained, and the local 
parallax, and apparent augmentation of the moon's dia- 
meter due to the difference of her distance from the 
observer and from the centre of the earth fwhich may 
amount to a sixtieth part of her horizontal diameter), 
determined ; after which it is easy, from the above con- 
siderations, to calculate the amount overlapped of the 
two discs, and their moment of contact. 

(348.) The calculation of the occultation of a star 
depends on similar considerations. An occultation is 
possible, when the moon's course, as seen from the 
earth's centre, carries her within a distance from the 
star equal to the sum of her semidiameter and horizontal 
parallax; and it will happen at any particular spot, 
when her apparent path, as seen from that spot, carries 
her centre within a distance equal to the sum of her 
augmented semidiameter and actual parallax. The de- 
tails of these calculations, which are somewhat trouble- 
some, must be sought elsewhere.* 

(349.^ The phenomenon of a solar eclipse and of an 
occultation are highly interesting and instructive in a 
physical point of view. They teach us ^at the moon 
is an opaque body, terminated by a real and sharply de- 
fined surface intercepting light Itte a solid. They prove 
to us, also, that at those times when we cannot see the 
moon, she really exists, and pursues her course, and 
that when we see her only as a crescent, however nar 
row, the whole globular body is there, filling up the de- 
ficient outline, 3ioagh unseen. For occultations iske 
place indififerently at the dark and bright, the ^'SHlkMaid 

*WoodhfNise'eAitraiioiDy,voLi. SeealwTraM. Aitnifc^BSsgR, 
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invisible oulline, whiphcvcr happens to be towards the 
direption in which ihe ranon is moving; with this only 
difference, that a star occulted by the bright limb, if the 
■ phenomenon be watched with a telescope, gives notice, 
hy its gradual approach to the viaible edge, when to ex- 
pect its disappearance, while, if ocmlted at the dark 
limb, if the moon, at least, be more ihan a few days 
old, it is, as it were, extinguished in mid-air, without 
notice or visible cause for its disappearance, which, as 
it happens instantaneously, and without the plightest 
previous diminution of its light, is always surprising ; 
and, if the star be a large and bright one, even startling 
from its suddenness. The reappearance of the star, loo, 
when the moon has passed over it, takes place in those 
cases when the bright side of the moon is foremost, not 
at the concave outline of the crescent, hut at the invisible 
outline of the complete circle, and is scarcely less sur- 
prising, from its suddenness, than its disappearance in 
the other case.' 

(950.) The existence of the complete cireleofthe disc, 
even when the moon Is not full, does not, however, rest 
only on the evidence of occultations and eclipses. It 
may be seen, when the moon is crescent or waning, a few 
days before and after the new moon, with the naked eye, 
as a pale round body to which the crescent seems attach- 
ed, and somewhat projecting beyond its outline (which 
is an optical illusion arising from the greater intensity of 
its light). The cause of 3iia appearance will presently 
be explained. Meanwhile the fact is sufficient to show 

• There ia an opticEl illuainn of n very Btrango and unncpou [liable na- 
ture wKieh haa oltsn been reniBrkail in occuliationa. The slar nmioan 
10 advance actually u^xm Bad uniAin [he edge of the disc bofore il dkap- 
peare.und ihai Ki[netimeB to a caiiEiilenibIc depth. 1 have never myHelf 
whnB9sed liua singular nffeci, but it re!<TB Dn motl nnequivDCsl tmimany. 
1 have [tailed il nn optical illiubD; but it ifl bardy pouibU that a star 
may uliine un such ocr-Uflotu through deep Eaaurea in the BUbB[aiito of 
the nioun. Tlie occultations of eloae double hIbr ought to bo narrowly 
watched, la see whether bah individuals are Ihus prvjeOed, as well h9 
roroihcr purpuses connected with Ihoir theory. I will only liint atone, 
vin. tha[ a double eiar, ina dose to be aaen ilividsd wiih any leleacope, 

tluseupon each othori fiistlosinga portion, ibea the wliule remainder 
orila Iwht, we may bo «ure it is a dauMednr, tbtHigh we comotMe the 
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that the moon is not inherently luminous like the sun, 
but that her light is of an adventitious nature. And its 
crescent form, increasing regularly from a narrow 
semicircular line to a complete circular disc, corres- 
ponds to the appearance a globe would present, one he- 
misphere of which was black, the other white, when dif- 
ferenUy turned towards the eye, so as to present a great- 
er or less portion of each. 'Hie obvious conclusion from 
this is, that the moon is such a globe, one half of whidi 
is brightened by the rays of some luminary sufficiendy 
distant to eidighten the complete hemisphere, and suffi- 
ciently intense to give it the degree of splendour we see. 
Now, the sun alone is competent to such an effect. Its 
distance and light suffice ; and, moreover, it is invariably 
observed that, when a crescent, the bright edge is towards 
the 8uny and that in proportion as the moon in her monthly 
course becomes more and more distant from the sun, the 
breadth of the crescent increases, and vice versa, 

(351.) The sun's distance being 1^3984 radii of the 
earth, and the moon's only 60, the former is nearly 400 
times the latter. Lines, therefore, drawn from the sun 
to every part of the moon's orbit may be regarded as par- 
allel. Suppose, now, O to be the earth, ABCD, &c. 




various positions of the moon in its orbit, and S the sun, 
at the vast distance above stated ; as is shown, then, in 
the figure, the hemisphere of the lunar globe turned to- 
wards it (on the right) will be bright, the opposite dark, 
wherever it may stand in its orbit. Now, in the position 
A, when in conjunction with the sun, the dark part is 
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entirely turned towards O, and the bright from it. In 
this cose, iben, ilie moon is not seen, it is new moon. 
When the moon has come to C, half the bright and half 
the dark hemisphere are presented to 0, and the same in 
the opposite situation G : these are ihe first and third 
quartets of tlie moon. Lastly, when at E, the whole 
bright face ia towards the earth, the whole dark side from 
it, and it is then seen wholly bright otfiiUmaon. In the 
intermediate positions BDFH, the portions of the 
bfigb* faee presented to O will be at first less than half 
the visible surface, then greater, and finally less again, 
till it vanishes altogether, as it comes round again to A, 

(353.) These monthly changes of appearance, oi 
pitasts, as they are called, arise, then, from the moon, an 
opaque body, being illuminated on one side by the sun, 
and reflecting from il, in all directions, a portion of the 
light so received. Nor let it be thought surprising that 
a solid substance tlitis illuminated should appear to ghint 
and again illuminate the earth. It is no more than a 
white cloud does standing off upon the clear blue sky. 
By day, the moon can hardly be dislinguished in bright- 
ness from such a cloud ; and, in the dusk of evening, 
clouds catching the last rays of the sun appear with a 
dazzling splendour, not inferior to the seeming brightness 
of the moon at night. That ihe earth sends also such a 
light to the moon, only probably more powerful by rea- 
son of its greater apparent size,* is agreeable lo optical 
principles, and explains the appearance of the dark por- 
tion of the young moon completing lis crescent (art. 360). 
For, when the moon is nearly new to the eardi, the lat- 
ter {so lo speak) is nearly full to the former ; it then illu- 
minates its dark half by strong earih-light ; and it is a 
portion of this, reflected back again, which makes it visi- 
ble lo us in the twilight sky. As the moon gains age, 
the earth offers it a less portion of its bright side, and &e 
phenomenon in question dies away, 

(353.) The lunar month is determined by the n 
e of its phases ; it reckons from n 
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moon ; that is, from leaving its conjunction with the sun 
to its return to conjunction. If the sun stood still, like a 
fixed star, the interval between two conjunctions would 
be the same as the period of the moon's sidereal revolu- 
tion (art. 338^ ; but, as the sun apparently advances in 
ihe heavens m the same direction with the moon, only 
slower, the latter has more than a complete sidereal pe- 
riod to perform to come up with the sun again, and will 
require for it a longer time, which is the lunar months 
or, as it is generally termed in astronomy, a synodical 
period. The difference is easily calculated by consider- 
ing that the superfluous arc (wliatever it be) is described 
by the sun with his velocity of 0°*98565 per diem, in 
the same time that the moon describes that arc plus a 
complete revolution, with her velocity of } 3° '17 640 per 
diem ; and, the times of description being identical, the 
spaces are to each other in the proportion of the veloci- 
ties.* From these data a slight knowledge of arithmetic 
will suffice to derive the arc in question, and the time 
of its description by the moon ; which, being the excess 
of the synodic over the sidereal period, tiie former will 
be had, and will appear to be 29* 12** 44" 2*-87. 

(354.) Supposing the position of the nodes of the 
moon's orbit to permit it, when the moon stands at A 
(or at the new moon), it will intercept a part or. the 
whole of the sun's rays, and cause a solar eclipse. On 
the other hand, when at £ (or at the full moon), the 
earth O will intercept the rays of the sun, and ctist a 
shadow on the moon, thereby causing a lunar eclipse. 
And this is perfectly consonant to fact, such eclipses 
never happening but at the exact time of the full moon. 
But, what is still more remarkable, as confirmatory of 
tiie position of the earth's sphericity, this shadow, which 
we plainly see to enter upon, and, as it were, eat tfway 
the disc of the moon, is always terminated by a circtdttr 
outline, though, from the greater size of the circle, it iff 

* Let V and « be the inean angular velocities, x the supeifluous are 
thenV: v:: l-|-a;:a;;andV — v:v::l :«, whence x is found, and- =sUie 

time of describing s, or the diflbrence of the sidereal and sjnvxlical peri* 
ods. We shall luve occasion fbi this agaih. 
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only partially seen at any one time. Now, a body 
which always casts a circular shadow must itself be 
spherical. 

(355.) Eclipses of the sun are best understood by re- 
garding the sun and moon as two independent luminaries, 
each moving according to known laws« and viewed from 
the earth ; but it is also instructive to consider eclipses 
generally as arising from the shadow of one body thrown 
pn another by a luminary much larger than either. Sup- 
pose, then, AB to represent the sun, and CD a spherical 
body, whether earth or moon, illuminated by it. If we 
join. and prolong AC, BD ; since AB is greater than CD, 
these lines will meet in a point E, more or less distant 
from the body CD, accordmg to its size, and within the 
space CED (which represents a cone, since CD and AB 




are spheres), there will be a total shadow. This shadow 
is called the umbra, and a spectator situated within it 
can see no part of the sun's disc. Beyond the umbra 
are two diverging spaces (or rather, a portion of a single 
conical space, having K for its vertex), where if a 
spectator be situated, as at M, he will see a portion only 
(AONP) of the sun's surface, the rest (BONP) being ob- 
scured by the earth. He will, therefore, receive only 
partial sunshine ; and the more, the nearer he is to the 
exterior borders of that cone which is called the penum- 
bra. Beyond this he will see the whole sun, and be in 
full illumination. All these circumstances may be per- 
fectly well shown by holding a small globe up in the 
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sun, and receiving its shadow at different distances on a 
sheet of paper. 

(356.) In a lunar eclipse (represented in the upper 
figure), the moon is seen to enter the penumbra first, and 
by degrees, get involved in the umbra, the former sur- 
rounding the latter like a haze. Owing to the great size 
of the earth, the cone of its umbra always projects 
far beyond the moon ; so that, if, at the time of the 
eclipse, the moon's path be properly directed, it is sure 
to pass through the umbra. This is not, however, the 
case in solar eclipses. It scThappens, from the adjust- 
ment of the size and distance of die moon, that the ex^ 
tremity of her umbra always falls near the earth, but 
sometimes attains and sometimes falls short of its surface. 
In the former case (represented in the lower figure), a 
black spot, surrounded by a fainter shadow, is formed, 
beyond which there is nd eclipse on any part of the 
earth, but within which there may be either a total or 
partial one, as the spectator is within the umbra or 
penumbra. When the apex of the umbra falls on the 
surface, the moon at that point will appear, for an in- 
stant, to just cover the sun ; but, when it falls short, 
there will be no total eclipse on any part of the earth ; 
but a spectator, situated in or near the prolongation of 
the axis of the cone, will see the whole of the moon on 
the sun, although not large enough to cover it, i, e. he 
will witness an annular eclipse. 

(357.) Owing to a remarkable enough adjustment of 
the periods in which the moon's synodical revolution* 
and that of her nodes, are performed, eclipses return after 
a certain period, very nearly in the same order and of the 
same magnitude. For 223 of the moon's mean synodi- 
cal revolutions, or lunations, as they are called, will be 
found to occupy 6585*32 days, and nineteen complete 
synodical revolutions of the node to occupy 6585'78. 
The difference in the mean position of the node, then, at 
the beginning and end of 223 lunations, is nearly insen- 
sible ; so that a recurrence of all eclipses within that in- 
terval must take place. Accordingly this period of 223 
lunations, or eighteen years and ten days, is a very im- 
portant one in the calculation of eclipses. It is supposed 

U 
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to have been known to the Chaldeans, under the name of 
the 8aro8 ; the regular return of eclipses having been 
known as a physics^ fact for ages before their exact tiie- 
ory was understood. 

(358.) The commencement, duration, and magnitude 
of a lunar eclipse are much more easily calculated than 
those of a solar, being independent of the position of the 
spectator on the earth's suiface, and &e same as if view- 
ed from its centre. The common centre of the umbra 
and penumbra lies always in the ecliptic, at a point oppo- 
site to the sun, and the patlrdescrib^ by the moon in pass- 
ing throi^ it is its true orbit, as it stands at the moment 
of the full moon. In this orbit, its position, at every in- 
stant, is known from the kukei tables and ephemeris ; and 
all we have, therefore, tdi^jjAwtain is, the moment when 
the distance between tlk^JRpii's centre and the centre of 
the shadow is exactly egasufjb the sum of the semidiame- 
ters of the moon and J9emim6ra, or of the moon and 
umbra, to know when it enters upon.and leaves them re- 
spectively. 

(359.) The dimensions of Uie shadow, at the place 
where it crosses the moon's path, require us to know 
the distances of the sun and moon at the time. These 
are variable ; but are calculated and set down, as well as 
their semidiameters, for every day, in the ephemeris, so 
that none of the data are wanting. The sun's distance is 
easily calculated from its elliptic orbit ; but the moon's 
is a matter of more difficulty, for a reason we will now 
explain. 

(360.) The moon's orbit, as we have before hinted, is 
not, strictly speaking, an ellipse returning into itself, by 
reason of the variation of the plane in which it lies, and 
the motion of its nodes. But even laying aside this con- 
sideration, the axis of the ellipse is itself constantly 
changing its direction in space, as has been already stated 
of the solar ellipse, but much more rapidly ; making a 
complete revolution, in the same direction with the moon's 
own motion, in 3232*5753 mean solar days, or about 
nine years, being about 3° of angular motion in a whole 
revolution of the moon. This is the phenomenoR known 
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by the name of the revolution of the moon's apsides. Its 
cause will be hereafter explained. Its immediate effect 
is to produce a variation in the moon's distance from the 
earth, which is not included in the laws of exact elliptic 
motion. In a single revolution of the moon, this varia- 
tion of distance is trifling ; but in the course of many it 
becomes considerable, as is easily seen, if we consider 
that in four years and a half the position of the axis will 
be completely reversed, and the apogee of the moon will 
occur where the perigee occurred before. 

(361.) The best way to form a distinct conception of 
the moon's motion is to regard it as describing te ellipse 
about the earth in the focus, and, at the same time, to re- 
gard this ellipse itself to be tii f twofold state of revolu- 
tion ; 1st, in its own plane, lbyji^ continual advance of it% 
axis in that plane ; and 2dly, t^ a^ continual tilting mo- 
tion of the plane itself, exactly similar to, but much more 
rapid than, that of the earth's equator produced by the 
conical motion of ite axis described in art. 266. 

(362.) The physical constitution of the moon is bettei 
known to us than that of any other heavenly body. By 
the aid of telescopes, we discern inequalities in its sur- 
face which can be no other than mountains and valleys — 
for this plain reason, that we see the shadows cast by the 
former in the exact proportion as to length which they 
ought to have, when we take into account the inclination 
of the sun's rays to that part of the moon's surface on 
which they stand. The convex outline of the limb tnftied 
towards the sun is always circular, and very nearly 
smooth ; but the opposite border of the enlightened part 
which (were the moon a perfect sphere) ought to be an 
exact and sharply defined ellipse, is always observed to 
be extremely ragged, and indented with deep recesses 
and prominent points. The mountains near this edge 
cast long black shadows, as they should evidently do, 
when we consider that the sun is in the act of rising or 
setting to the parts of the moon so circumstanced. But 
as the enlightened edge advances beyond them, i. e, tjs 
the sun to them gains altitude, their shadows shorten ; 
and at the full moon, when all the light falls in our line 



318 A •wmts.ffam oa tmnomomr, ^JSMmt, vt 

^ ai^t, no shadow! ate seen tm »ay part of her mr&ee^ 
From micrometrical measures of the lengttw of die ilw- 
dowB of many of the more eonspicnona mooBlaaM, takes 
under the most favoorable dreamataneea, die heigtita of 
many of them have been ealcidaled ; Ae hi^ievt bein^ 
s^KMit 1 j En^ish miles in peipeadiedKr alitnie. Tke 
existence of sncb mooDtain* m eorrobonlBd by dies m- 
pearance as small ptHnts or ialaada of li^it bisycMid ^ 
extreme edge of the enlightened part, which ns diek 
tope catching the midteaBU befeis die iiitenBe£aSB 
plain, aai which, as the light admtew, at length eoaneet 
themseljM with it, and appear as promiiieaees fiom die 
general edge. 
-(363.) The genFTaliiy of the lunar mountains present a 

Sriking iiniformtly and ungnlarity of aspect. They are 
onderfiitly nnmerous, ocenpying by far the larger por- 
tion of the surface, and almost unireisally c^ aa exactly 
eireolar or cup-sbaped form, foreshortened, however, into 
ellipees towards the limb ; but the larger have for the 
most part Hat botloms within, ftom which rises centrally 
a avKJl, steep, conical hill They offer, ia short, in ia 
highest perfection, the true rnleanic character, as it may 
be seen in the crater of Vesoviaa, and in a map <rf the 
volcanic districts of the Campi Phlegrxi* w the Pay de 
DAme. And in some of the principal ones, de^sive 
marks of volcanic stratification, arising from soccessire 
depoaiies of ejected matter, may be cleariy traced with 
powvrfol telescopes.! What is, moreover, extremely 
singular in the geology of the moon is, that although no- 
thing having the character of seas can be traced (for the 
dusky spots which are commonly called seas, when 
closely examined, present appearances incompatible with 
the supposition of deep water), yet there are large re- 
gions perfecdy level, and apparently of a decided allnvial 
character. 

(364.) The moon haa no clonds, nor any other indi- 
cations of an atmosphere. Were there any, it could not 
fad 10 be perceived in the occoltationa of stars and the 
phenomena of aolar eclipses. Hence its climate most 

• S» Biei>Uk'i map of ths eniinn U Napls, »ai DtmsMte^a oT 

Auvrrgiie. 
t Krotii my uivii uliMirv»tiO(»— jlii(*or. 
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be very extraordinary ; the alternation being that of un- 
mitigated and burning sunshine, fiercer than an equatorial 
noon, continued for a whole fortnight, and the keenest 
severity of frost, far exceeding that of our polar winters, 
for an equal time. Such a disposition of things must 
produce a constant transfer of whatever moisture may 
exist on its surface, from the point beneath the sun to 
that opposite, by distillation in i)acuo after the manner 
of the little instrument called a cryophOros* The con- 
sequence must be absolute aridity below the vertical sun, 
constant accretion of hoar fro£it in the opposite region, 
and, perhaps, a narrow zone of running water at the 
borders of the enlightened hemisphere. It is posl^ible, 
then, that evaporation on the one hand, and condensation 
on the other, may to a certain extent preserve an equili- * 
brium of temperature, and mitigate the extreme severity 
6f both climates. 

(365.) A circle of one second in diameter, as seen 
from the earth, on the surface of the moon, contains 
about a square mile. Telescopes, therefore, must yet be 
greatly improved, before we could expect to see signs of 
inhabitants, as manifested by edifices or by changes on 
the surface of the soil. It should, however, be observed, 
that, owing to the small density of the materials of the 
moon, and the comparatively feeble gravitation of bodies 
on her surface, muscular force would there go six times 
as far in overcoming the weight of materials as on '^e 
earth. Owing to the want of air, however, it seems im- 
possible that any form of life analogous to those on eartli 
can subsist there. No appearance indicating vegetation, 
or the slightest variation of surface which can fairly be 
ascribed to change of season, can any where be discerned. 

(366.) The lunar summer and winter arise, in fact, 
from the rotation of the moon on its own axis, the period 
of which rotation is exactly equal to its sidereal revolu- 
tion about the earth, and is performed in a plane 1° 30! 
11" inclined to the ecliptic, and therefore nearly coinci- 
dent with her own orbit. This is the cause why we al- 
ways see the same face of the moon, and have no know- 
ledge of the other side. This remarkable coincidence 
of two periods, which at first sight would seem perfectly 

U2 



^ 



220 A TREATISE ON ASTRONOMIT. [cHAP. VI. 

distinct, is said to be a consequence of the general laws 
to be explained hereafter. 

(367.) The moon's rotation on her axis is uniform ; 
but since her motion in her orbit (like that of the sun) is 
not so, we are enabled to look a few degrees round the 
equatorial parts of her visible border, on the eastern or 
western side, according to circumstances ; or, in other 
words, the line joining the centres of the earth and moon 
fluctuates a little in its position, from its mean or average 
interse^^on with her surface, to the east or westward. 
And, moreover, since the axis about which she revolves 
is not exactly perpendicular to her orbit, her poles come 
alternately into view for a small space at the edges of her 
disc. These phenoqiena are known by the name of li- 
' brations. In consequence of these two distinct kinds of 
libration, the same identical point of the moon's surface 
is not always the centre of her disc, and we therefore get 
sight of a zone of a few degrees in breadth on all sides 
of the border, beyond an exact hemisphere. 

(368.) If there be inhabitants in the moon, the earth 
must present to them the extraordinary appearance of a 
moon of nearly 2° in diameter, exhibiting the same phases 
as we see the moon to do, but immoveably fixed in their 
sky (or, at least, changing its apparent place only by the 
small amount of the libratioa), while the stars must seem 
to pass slowly beside and behind it. It will appear 
clouded with variable spots, and belted with equatorial 
and tropical zones corresponding to our trade-winds ; and 
it may be doubted whether, in their perpetual change, the 
outlines of our continents and seas can ever be clearly 
discerned. 
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CHAPTER VII. 

Of terrestrial Gravity — Of the Law of universal' Gravitation — ^Pathiof 
Projectiles ; ap|»irent, real — ^The Moon retained in her Orbit by Gravity 
— ^Its Law of Diminution — Laws of elliptic Motion— Orbit of Uie EartL 
round the Sun in accordance with these Laws — Masses of the Earth 
and Sun compared — Density of the Sun — Force of Gravity at its Sur 
face — ^Disturbing Effect of the Sun on the Moon s Motion. 

(369.) The reader has now been made acquainted with 
the chief phenomena of the motions of the earth in its 
orbit round the sun, and of the moon about the earth. 
We come next to speak of the physical cause which 
maintains and perpetuates these motions, and causes the 
.nassive bodies so revolving to deviate continually from 
ihe directions they would naturally seek to follow, in 
pursuance of the first law of motion,* and bend theii 
•/Ourses into curves concave to their centres. 

(370.) Whatever attempts may have been made by 
metaphysical writers to reason away the connexion of 
eause and effect, and fritter it down into the unsatisfacto- 
ry relation of habitual sequence, t it is certain that the 
conception of some more real and intimate connexion is 
quite as strongly impressed upon the human mind as that 
of the existence of an external world, — the vindication 
of whose reality has (strange to say) been regarded as 
an achievement of no common merit in the annals of this 
branch of philosophy. It is our own immediate con- 
sciousness of effort^ when we exert force to put matter 
in motion, or to oppose and neutralize force, which gives 
us this internal conviction of power and causation so far 
as it refers to the' material world, and compels us to be- 
lieve that whenever we see material objects put in motion 

* See Cab. Cyc. Mechanics, chap. iii. 

t See Brown *' On Cause and Effect,'* — a work of great acuteness and 
ubtlely of reasoning on some points, but in which the whole train of ar- 
ruinent is vitiated by one enormous oversight ; the omission, namely, of 
I distinct and immeavate personal consciousness of causation in his enu- 
neration of that sequence of events, by which the volition of the mind is 
made to terminate in the motion of material objects. I mean the cobf* 
Bciousness of effort, as a thing entirely distinct from mere desire or volition 
on the one hand, and from mere spasmodic contraction of muscles on the 
other. Brown. 3d edit Edin. 1618, p. 47.— ^AuMor. 
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from 3 Btate of rest, or deflected from their rectilinear 
paths, and cbajij^d in their velocities if already in motioiit 
it is in consequenRe of such an x,ffo«t somefune exerted, 
though not accompanied with out consciouaness. That 
flnch an effort shoold be exerted nith success through an 
interposed space, is no more difficult to conceive than 
that our hand should communicate motion to a stone, 
with which it is demonstrably not in contact. 

(371.) All bodies with which we are acquainted, when 
raised into the air and quietly abandoned, descend to the 
earth's surface in lines perpendicular to it. They are 
therefore urged thereto by a force or effort, the direct at 
indirect result of a consciouaness and a will existing 
somewhere, though beyond our power to trace, which 
force we term gravity ; and whose tendency or direction, 
aa universal experience teaches, is towards the earth's 
centre ; or rather, to speak strictly, with reference to its 
spheroidal Ggure, perpendicular to the surface of still 
water. But if we cast a body obliquely into the air, 
this tendency, though not extinguished or diminished, is 
materially modified in its ultimate effect. The upward 
impetus we give the stone is, it is true, alVr a time de- 
stroyed, and a downward one communicated to it, which 
ultimately brings it to the surface, where it is opposed is 
its further progress, and brought to rest. But all the 
while it has been continually deflected or bent aside from 
its rectilinear progress, and made to describe a curved 
line concave to the earth's centre ; and having a highest 
point, vertex, or apogee, just as the moon has in its orbit, 
where the direction of its motion is perpendicular to the 
radius. 

(372.) When the stone which we fling obliquely up- 
wards meets and is stopped in its descent by the earth's 
surface, its motion is not towards the centre, but inclined 
to the earth's radius at the same angle as when it quitted 
our hand. As we are sure that, if not stopped by the 
resistance of the earth, it would continue to descend, and 
that obliquely, what presumption, we may ask, is there 
that it would ever reach the centre, to which its motion, 
in no part of its visible course, was ever directed T What 
reason have we to believe that it might not rather circu- 
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late round it, as the moon does round the earth, returning 
again to the point it set out from, after completing an 
elliptic orbit of which the centre occupies the lower 
focus ? And if so, is it not reasonable to imagine that the 
same force of gravity may (since we know Siat it is ex- 
erted at all accessible heights above the surface, and even 
in the highest regions of the atmosphere) extend as far 
as 60 radii of the earth, or to the moon ? and may not 
this be the power — ^for some power there must be— ^ 
which deflects her at every instant from the tangent of 
her orbit, and keeps her in the elliptic path which expe- 
rience Ji^aches us she actually pursues ? 

(373.) If a stone be whirled round at the end of a 
string, it will stretch the string by a centrifugal force,* 
which, if the speed of rotation be sufficiently increased, 
will at length break the string, and let the stone escape. 
However strong the string, it may, by a sufficient rotatory 
velocity of the stone, be brought to the utmost tension it 
will bear without breaking ; and if we know what weight 
it is capable of carrying, the velocity necessary for &is 
purpose is easily calculated. Suppose, now, a string to 
connect the earth's centre, with a weight at its surface, 
whose strength should' be just sufficient to sustain that 
weight suspended from it. Let us, however, for a mo- 
ment imagine gravity to have no existence, and that the 
weight is made to revolve with the limiting velocity 
which that string can barely counteract : then will its 
tension be just equal to the weight of the revolving body ; 
and any power which should continually urge the body 
toward!s the centre with a force «qual to its weight would 
perform the office, and might supply the place of the 
string, if divided. Divide it, then, and in its p^e let 
gravity act, and the body will circulate as before ; its ten- 
dency to the centre, or its weighty being just balanced by 
its centrifugal force. Knowing the radius of the earth, 
we can calculate the periodical time in which a body so 
balanced must circulate to keep it up ; and this appears 
to be V 23" 22'. 

(374.) If we make the same calculation for a body at 
the distance of the moon, supposing its weight or gra* 
*See Cab. Cyc. Mechanics, chap. vuL 
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vilff ihe same as at the earth's siirjaee, we shall find the 
period required to be 10" 46" SO". The actual period of 
the moon's revolution, however, is 87^ 7" 43° ; and hence 
it is clear that the moon's velocity is not nearly sufficient 
to sustain it againsl aveh a power, supposing it to revolre 
in a circle, or neglecting (for the present) the slight ellip- 
ticity of its orbit. In order that a body at the distance 
of the moon (or the moon itself) ehonld be capable of 
keeping its distance from the earth by the outward effort 
of its centrifuge force, while yet its time of revolution 
should be whqt the moon's actually is, it will appear (on 
executing the calculation from the prineiplea Itia down 
in Cab, Cyc. Mechanics) thai gravity, instead of being 
as intense as at the scrface, would require to be very 
nearly 3600 times less energetic ; or, in other words, 
that its intensity is so enfeebled by the remoteness- 
of the body on which it acta, as to be capable of 
producing in il, in the same time, only jsVis^ P"* "f 
the motion which it would impart to the same mass 
of matter at the earth's aurfitcc, 

/ (375.) The distance of th« moon from die earth's 
centre is somewhat less thlj^J^ty times the distance 
from the centre to the surfaCfe, and 3600 : 1 : ! 60" : 1" ; 
so that the proportion in which we must admit the earth's 
gravity to be enfeebled at the moon's distance, if it be 
really the force which retains the moon in her orbit, must 
be (at least in this particular instance) that of the squares 
of the distances at which it is compared. Now, in such 
a diminution of energy with increase of distance, there 
is nothing prima fane inadmissible. Emanations from 
a centre, such as light and heat, do really diminish in in- 
tensity by increase of distance, and in this identical pro- 
portion ; and though we cannot certainly argue much 
from this analogy, yet we do see that the power of mag- 
netic and electric attractions and repulsions is actually 
enfeebled by distance, and much more rapidly than in 
the simple proportion of the increased distances. The 
argument, therefore, stands thus : — On the one hand, 
gravity is a real power, of whose agency we have daily 
experiencn. We know that il extends to the greatest ac- 
cessible heights, and far beyond ; and we see no reason 
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for drawing a line at any particular height, and there as- 
serting that it must eease entirely ; though we have ana- 
logies to lead us to suppose its energy may diminish 
-rapidly as we ascend to great heights from the surface, 
such as that of the moon. On the other hand, we are 
sur« the moon is urged towards the earth by some power 
which retains her in her orbit, and that the intensity of 
thi^ power is such as would correspond to a diminished 
gravity, in the proportion— otherwise not improbable— 
of the squares of the distances. If gravity be not that 
power, there must exist some other ; and, besides this, 
gravity aiiust cease at some inferior level, or the nature 
of the moon must be different from that of ponderable 
laatter ; — for if not, it would be urged by both powers, 
and therefore too much urged, and forced inwards from 
her path. 

(376.^ It is on such an argument that Newton is un- 
derstooa to have rested, in the first instance, and provi- 
sionally, his law of universal gravitation, which may be 
thus abstracdy stated : — ** Every particle of matter in 
the universe attracts every other particle, with a force 
directly proportioned to the mass of the attracting par- 
ticle, and inversely to the square of the distance between 
them." In this abstract and general form, however, the 
proposition is not applicable to the case before us. The 
eardi and moon are not mere parades, but great spherical 
bodies, and to such the general law does not immediately 
apply ; and, before we can make it applicable, it becomes 
necessary to inquire what will be the force with which a 
congeries of particles, constituting a solid mass of any as- 
signed figure, will attract another such collection of mate- 
risJ- atoms. This problem is one purely dynamical, and, in 
its general form, is of extreme difficulty. Fortunately, 
however^ for hmnan knowledge, when the attracting and 
attracted bodies are spheres, it admits of an easy and di- 
rect solution. Newton himself has shown {Princip. 
b. 1. prop. 75) that, in that CL.:e, the attraction is pre- 
cisely the same as if the whole matter of each sphere 
were .collected into i|^ centre^ and the spheres were 
single particles there placea ; so that, in this case, the 
general law applies in its strict wording. The effect of 
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atjm trifling deviation of the earth from a spherical form 
ik of too minute an order to need attention at present. 
It is, however, perceptible, and may be hereafter noticed. 
' (3T7.) The next step in the Newtonian argument is 
one which divests the law of gravitation of its provisional 
character, as derived from a loose and superficial consi- 
deration of the lunar orbit as a circle described with an 
average or mean velocity, and elevates it to the rank^f 
a general and primordial relation, by proving its applica- 
bility to the state of existing nature in all its detail of 
circumstmces. This step consists in demonstrating, as 
he has done* (Princip. i. 17, i. 75), that, undef the in- 
fluence of such an attractive force mutually urging two 
spherical gravitating bodies towards each other, th^ 
will each, when moving in each other's neighbourhooa, 
be deflected into an orbit concave towards the other, and 
describe, one about the other regarded as flxed, or bqth 
round their common centre of gravity, curves whose 
forms are limited to those figures known in geometry by 
tiie general name of conic sections. It will depend, he 
shows, in any ahii|ped ease, itpon the particular circum- 
stances of vebi^tf jdiistance« and direction, which of 
thp«e curves ifhaSt^' described,--whether an ellipse, a 
circle, a paraibola, or an hyperbola ; but one or other it 
must be ; and any one of any degree of eccentricity it 
may be, according to the circumstances of the case ; and, 
in all cases, the point to which the motion is referred, 
whether it be tl^e centre of one of the spheres, or their 
common centre df gravity, will of necessity be the focus 
of the conic section described. He shows, furthermore 
(Princip. i. 1), that in every case^ Ae angular velocity 
with which the line joining iherr centres moves, must be 
inversely proportional to the square of their mutual dis- 
tance, and that equal areas of die curves described will 
be swept over by their line of junction in equal times. 

(378.) All this is in conformity with what we h^ve 
stated of the solar and lunar movements. Their orbits 

* We- lefer for these fundamental propoiationB, as a point of duty, to 
the immortal woqfk in which the^ were m0 propoundea. It u impoari- 
ble for us in this volume to go mto theaSnivestigatioDs : even did our 
limits pennit, it would be utterly inconsistent with our plaiy a general 
idea, however, of their conduct will be gyren in the next chapter. 
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are ellipses, but of different degrees of eccentricity ; and 
this circumstance already indicates the general apjiliea- 
bility of the principles in question. 

(379.) But here we have already, by a natural and 
ready implication (such is always the progress of gene- 
ralization), taken a further and most important step, al- 
most unperceived. We have extended the action of 
mvity to the case of the earth and sun, to a distance 
immensely greater than that of the moon, and to a body 
apparently quite of a different nature from either. Are 
we justified in this ? .or, at all events, are there no modi- 
fications introduced by the change of data, if not into 
the general expression, at least into the particular inter- 
pretation, of the law of gravitation ? Now, the mon^nt 
we come to numbers, an obvious incongruity strikes us. 
When we calculate, as above, from the known distance 
of the sun (arl. 304), and from the period in which. the 
earth circulates about it (art.. 327), what must be the cen- 
trifugal force of the latter by which the sun's attraction 
is balanced (and which, therefore, becomes an exact 
measure of the sun's attractive energy as exerted on the 
earth), we find it to be iipmensely peater than would 
suffice to counteract the earth*8 aUnieition on an equal 
body at that distance— -greater in the Idgli proportion of 
354936 to 1. It is clear, then, that if the earth be re- 
tained in its orbit about the sun by solar attraction^ con- 
formable in its rate of diminution with tiie general law, 
this force must be no less thaii 35493.6 times more in- 
tense than what the earth would be capable of exerting, 
caeteris varibus, at an equal distance. 

(380.) What, then, are we to understand from this 
result? Simply this« — that the sun attracts as a collec- 
tion of 354936 earths occupying its place would do, or» 
in other words, that the sim contains 3549.36 times the 
mass or quantity of pond^rabjl^ matter that the earth con- 
sists of. Nor let this conclusion startle us. We h^ve 
oflly to recall what has been already shown in art. 305, 
of the gigantic dimensions of this magnificent body, to 
perceive that, in assigning to it so vast a mass, we are 
not outstepping a reasonable proportion. In fact, when 
we come to compare its mass wkh its bulk, we find its 
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ilenaity* to be less than that of the earth, being no more 
than 0-2543. So that it must consist, in reality, of far 
lighter materials, especially when we consider the force 
under which its central parts must be condensed. Thia 
conaideralion renders it highly probable that an intense 
heat prevails in its interior, by which its elasticity is re- 
inforced, and rendered capable of resisting tliis almost 
inconceivable pressure without collapsing into smaller 
dimensions. 

f381.) This will be more distinctly appreciated, if we 
estimate, aa we are now prepared to do, Uie intensity of 
gravity at the sun's surface. 

The attraction of a sphere being the same (art. 376) 
as if its whole mass were collected in its centre, will, of 
course, be proportional to Uie mass directly, and the 
square of the distance inversely ; and, in this case, the 
distance is the radius of the sphere. Hence we con- 
clude,! that the intensities of solar and terrestrial gravity 
at the surfaces of the two globes are in the proportions 
of 27-9 to 1. A pound of terrestrial matter at the snn'a 
surface, then, would exert a pressure equal lo what 27-9 
such pounds would do at the earth's. An ordinary man, 
for example, would not only be unable to sustain his own 
weight on the sun, but would literally be crushed to 
atoms under the load.) 

(382.) Henceforward, then, we must consent to dis- 
miss all idea of tlie earth's immobility, and transfer that 
attribute to the sun, whose ponderous mass is calculated 
lo exhaust the feeble attractions of such comparative 
atoms as the earth and moon, without being perceptibly 
dragged from its place. Their centre of gravity lies, as 
we have already hinted, almost close to the centre of 
the solar globe, at an interval quite imperceptible from 
our distance ; and whether we regard the earth's orbit as 
being performed about the one or the other centre makes 

'The denBilyorn mntoriat body i> ns ihe twui directly, uid tbe 
volume invorwly : hence doiuity of Q ; listuily of © : ; ^^ : 1 . 

tad«PMrilyito™niiJ:^J^s : jt>"!T'9-IiU»— P~- 
livB ladii ofllie mn tri euA bebg 440000, uu] 4000 m^M. 
t A nHi WBi|hfai| U ffne or ITS Uk oi lb* ««rlk, ■nanldttadQca « 
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no appreciable difference in any one phenomenon of 
astronomy. ^ 

(383.) It is in cmiseqaence of the mtiiual gravitation 
of all the several parts of matter, whidi the Newtonian 
law supposes, that the earth and moon, while in &e act 
of revolving, monthly, in their mutual orbits about their 
common centre of gravity, yet continue to circulate, 
without parting company, i|i a greater annual orbit round 
the sun. We may conceive this motion by cottne<^inff 
two unequal balls by a stick, which, at their centre of 
gravity, is tied by a long string, and whirled round* 
Their joint systems will circulate as one body about the 
common centre to which the string is attached, while yet 
they may go on circulating round each other in subcnr- 
dinate g3rration8, as if the stick were quite free from any 
such tie, and merely hurled through the air. If the earth 
alone, and not the moon, gravitated to the sun, it would 
be dragged away, and leave the moon behind — and tfiee 
versa; but, acting on both, they continue together under 
its attraction, just as the loose parts of the ear&'s sur- 
face continue to rest upon it It is, then, in stiictness, 
not the earth or the moon which describes an dUipse 
around the sun, but their common eentee of gravity. The 
effect is to produce a small, but very pefi^ptible, monthly 
eguaUan in the sun's s^parent motion as seen from the 
earth, which is always taken into account in calculating 
the sun*s place. 

(384.) And here, t. e. in the attraction of the sun, we 
have the key to all those differences from an exact 
elliptic movement of the moon in her monthly orbit, 
which we have already noticed (arts. 344^ 360), viz. 
to the retrograde revolution of her nodes ; to the (firect cir- 
culation of the axis of her ellipse ; and to all the other 
deviations from the laws of elliptic motion at which we 
have further hinted. If the moon simply revolved about 
the earth under the influence of its gravity, none of these 
phenomena would take place. Its orbit would be a per- 
fect ellipse, returning into itself, and always lying in one 
and the same plane : that it is not sOf is a proof that 
some cause disturbs it, and interferes with the earth's 
attraction ; and this cause is no other than the sun's at* 
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traction — or ralhcr, Wiat pari of il which ia not equally 
exerted on the Rurlh. 

(385.) Suppose tifo stones, side by side, or otherwise 
sitnated with respect to each other, to be let fall together ; 
then, 3B gravity accelerates them equally, ihey will re- 
tain their relative positions, and fall together as if tbey 
formed one mass. But suppose gravity to be rather 
more intensely exerted on one than the other ; then 
would that one be rather more accelerated in its fall, and 
would gradually leave the other; and thus a relative 
motion between them would arise from the diflference of 
action, however slight. 

(386.) The sun is about 400 times more remote than^ 
the moon ; and, in consequence, while the moon de- 
scribes her monthly orbit ronnd the earth, her distance 
from the sun is alternately ji^rlh part greater and as 
much less than the earth's. Small as thia is, it is yet 
RUfEcietit to produce a perceptible excess of attractive 
tendency of the moon towards the sun, above that of the 
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eatdi when in the luarer point ^ her otbit, ftC, and ■ 
corresponding delect On flie dpposite part, N ; and, in 
the intermediate positions, not only will a difference ^ 

forces subsist, but a difference of directions also ; since, 
however small the. lunar orbit MN, it is not a poinf, and,, 
therefore, the lines drawn from the snn S to its seceral 
parts cannot be regarded as slrielly parallel. If, as we 
have already seen, the force of the snn were equally ex- 
cried, and in parallel directions on bo^, no disturbance 
of their relative sihiaiionB would take place ; but from 
the non-verification of these conditions arises a dislurb- 
ing force, oblique to the line joining the moon and earth, 
which in some situ.itions acts to accelerate, in others to 
relaril, her elliptic orbitual motion ; in some to draw the 
earth from the moon, in others the moon from the earth. 
Again, the lunar orbit, though very nearly, is yet not 
quite poiueident with the plane of the eeJiptic ; and hence 
the action of the sun, which is very nearly parallel to the 
, last mentiDiiL'd pl-.mc, lends to draw her somewhat out 
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of tike plane of her orbit, and does actually do so— pro- 
ducmg the revolution of her nodes, afnd other phenomena 
less striking. We are not yet prepared to go into the 
subject of Uiese pmiurbationsi as they are called ; bmt 
they are introduced to the reader's notice as early a» 
possible, for the purpose of reassuring his mind, should 
doubts have arisen as to the logicsd correctness of our 
argument, in consequence of our temporary neglect of r*. 
them while woricing our way upward to the law of ^jSt 
gravity from a general consideration of the moon's orbit.*^ '* 
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OF THE SOLAR SYSTSM., 

Apparent Motiont of the Flanet»— Their Statkms and ^etrogredationH~- 
The Sun dieir natural Centre of Motion— Inferior Planel»--Th«ir 
Phases, Periods, &c. — ^Dimensions and Form of their Qrbit»-— Tranvis 
across the Sui^— Superior Planets — ^Their Distances, Periods, ^. — 
Kepler's Laws and their Interpretation — Elliptic E^ments of a Planet's 
Orbit— Its heliocentric and geocentric Place---Bode's Law ofplaneiary 
Distances— The four ultra-xodaical Planetfl — ^Physical Peculiarities ob- 
servable in each of the Planets 

(387.) Th% sun and moon are not ihe only celestial 
objects which appear to have a motion independent of 
that hy which the great constellation of the heavens is daily 
carried round the ear&. Among the stars there are seve- 
ral, — and those among the brightest and most conspi- 
cuous, — ^which, when attentively watched firom night to 
night, are found to change their relative situations among 
the rest ; some rapidly, others much more slowly. These 
are called planeta. Four of them — Venus, Mars, la- 
piter,^«nd Saturn— -are remarkaUy large and brilliant ; 
anoUier, Mercury, is also visible to the naked •ye as a 
large star, but, for a reason which will presesdy appear, 
is seldom conspicuous; a fifth, Uranus, is barely dis- 
cernible without a telescope ; and four others— Geres, 
Pallas, Vesta, and Juno-— are never visible to the nalttd 
eye. Besides these ten, others yet undiscovered may 
exist ; and it is extremely probable that such is the eaas, 
— the moltitade of tdescopic stars being sa greal that 
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' tmly a small fraction of their nnmber has been niffictently 
notieed to aacvrtairf wfaelfaer they retun the vame ji»tes 
or not, and the five laat-mention^djalqpetB having aU been 
dtseovered within half a eentnrrvM the present time. 

(3BB.) The apparent moticnn n%e plainti an nudi 
more irregular than those of iheflnnormaon. Q«nerally 
■peaking, and comparing their places at distant limM, 
ihey all advance, though wid) very different average or 
TKean velocities, in the same direction as those lumina- 
riei, t. e. in opposition to the apparent diurnal motion, or 
from weat to eaat : ali of them make the entire tour of 
the heavens, though under very different circumstances ; 
and all of them, with the exception of the four telescopic 
planets, — Ceres, Pidlaa, Juno, and Vesta (which may 
therefore be termed ttllra-zodiacal), — are confined in 
their vistblffj&His within very nanW limits on either 
side the e^fec. and perform their movements within 
that zone'Sflne heavens we have called above the Zo- 
diac (art. 2bi). 

(389.) The obvious conclusion from this is, Aat 
whatever be, otherwiae, tlie nature and law of iheir mo- 
tions, they are all performed nrarlv in the plane of the 
ecliptic, — that plane, namely, in which our own motion 
about the sun is performed. Hence it foUoWs, that we 
see their evolutions, not in plan, but in tecliont Uirir 
real angular movements and linear distances being all 
forethorttned and confounded undiatinguishably, while 
only their deviations from the ecliptic appear of their 
natural magnitude, undiminished by the effect of per- 

(390.) The apparent motions of the sun and moon, 
though not uniform, do not deviate very grBatJ[g£ frtfn 
naiformity ; a moderate acceleration and retai|^^n, 
accounlaUe for by the elliplicity of their orbits, beiAg aU 
ihat ia ftn i i rked. But the ease is widely different with 
the ptaocil^ sonwtimea they advance rapidly ; then re- 
lax iblfasir appannt«peed— -come to a momentary stop; 
and then aatudly reverse their motion, and run back apon 
dieir former course, with a rapidity at £nt increaaing, 
dien diminishing, till the reversed or letrograda motion 
ctase* altogether. Another ttatton, or moment of ap- 
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parent rest or indecision, now takes place ; after which 
the movement is again reversed, and resumes its original 
direct character. . idn, the whole, however, the amount 
of direct motion ^0V»re than compensates the retrograde ; 
and hy the excess '^f the former over the latter, the gra- 
dual advance of the planet from west to east is main- 
tained. Thus, supposing the zodiac to be unfolded into 
a plane surface (or represented as in Mercator's projec- 
tion, art. 234, taking the ecliptic £0 for its ground line), 
the track of a planet, when mapped down by observation 




from day to day, will offer the appear^ce^QRS, &c.; 
the motion from P to Q being direct, ^ Q stationary, 
from Q to R retrograde, at R again stationary, from R 
to S direct, and so on. 

(391.) In the midst of the irregularity and fluctuation 
of this motion, one remarkable feature of uniformity is 
observed. Whenever the planet crosses the ecliptic, as 
at N in the figure, it is said (like the moon) to be in its 
node ; and as the earth necessarily lies in the plane of 
the ecliptic, the planet cannot be apparently or uraruh 
graphically situated in the celestial circle so called, with- 
out being reaUy and locally situated in that plane. The 
visible passage of a planet through its node, then, is a 
phenomenon indicative of a circumstance in its reid mo- 
tion quite independent of the station from which we view 
it. Now, it is easy to ascertain, by observation, when a 
^planoi passes from the north to the south side of the 
ecl^tic : we have only to convert its right ascensions 
an<^ declinations into longitudes and latitujdis, and the 
change from north to south latitude on t1|ii|^4E(ucce6sive 
days will advertise us on what day the transitton took 
place ; while a simple proportion, grounded on the ob- 
served state of its motion in latitude in the interval, 
will Suffice to fix the precise hour and minute of its ar- 
rival on the ecliptic. Now, this being done for several 
transitions from side to side of the ecliptic, and their 
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dates thereby fixed, we find, universally, that the intenral 
of time elapsing between tiie successive passages of eadi 
planet through the same node (whelhec it be die ascends 
ing or the descending) is always aliki|f^hether the planet 
at the moment of such passage bd ^JlSnecto&retrogradey 
swift or slow, in its apparent movement. 

(392.) Here, then» we have a circumstance whieh, 
while it shows that the motions of the planets are in fact 
subject to certain laws and fixed periods^ may lead us 
very naturally to suspect that the apparent inegularities 
and complexities of their movements may be owing to 
our not seeing them from their natural centre (art. 316), 
and from our mixing up with their own proper mptions 
movements of a parallactic kind, due to ouir own change 
of place, in virtue of the orbitual motion of the eai^ 
about the 5U». . 

(393.) irwto^bandon the earth as a centre of the pkt 
netary motions, it cannot admit of a moment'^ hesitation 
where we should place that centre with the greatest pro- 
bability of truth. It must surely be the sun whi(^ is 
entitled to the first trial, as a station to which to refer 
them. If it be not connected with them by any physical 
relation, it at least possesses the advantage, which the 
earth does' not, of comparative immobility. But after 
what has been shown in art. 380, of the immense mass 
of that luminary, and of the office it p^orms to us as a 
quiescent centre of our orbitual motion, nothing can be 
more natural than to suppose it may perform the same 
to other globes which, like the earth, may be revolving 
round it ; and these globes may be visible to us by its 
light reflected from them, as the moon is. Now there 
are many facts which give a strong support to th§ idea, 
that the planets are in this predicament. -u^; * 

(394.) In the first place, the planets really are '^at 
globes, of ^mze commensurate with the earth, and seve- 
ral of liiein tnuch greater. When examined through 
powerful telescopes, they are seen to be round bodies, of 
sensible and even of considerable apparent diameter, and 
offering distinct and characteristic peculiarities, whicji 
show them to be solid masses, each possessing its indi- 
vidual structure and mechanism ; and that, in one in- 
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stance at least, an exceedingly artificial and complQj one. 
(See the representations of Jupiter, Saturn, and Mars, 
in pkte I.) That Uieir distances from us are greaft, 
much greater than .that of the moon, and some of them 
even greater than. that of the sun, we infer from the 
smallness of their diurnal parallax, which, even for the 
neatest of them, when most favourably situated, does 
not exceed a few seconds, and for the more remote ones 
is almost imperceptible. From the comparison of tliie 
diurnal parallax of a celestial bod^, wi& its apparent 
semidiameter, we can at once estimate its real size. For 
die parallax is, in fact, nothing else than the apparent se- 
midiameter of the earth as seen from the body in ques- 
tion (art. 308, et seq.); and, the intervening distance 
being the same, the real diameters must be to each other 
in the proportion of the apparent ones. Without going 
into particulars, it will suffice to state it atf a general re^ 
suit of that comparison, that the planefk itipe all of them 
incomparably smaller than the sun, but some of them as 
large as the earth, and others much greater. 

(3^.) The next fact respecting them is, that their 
distances from- us, as estimated from the measurement 
of l^eir angular diameters, are in a continual state o# 
change, periodically increasing and decreasing within 
certain limits, but by no means corresponding with the 
supposition of regular circular or elliptic orbits described 
by them about the earth as a centre or focus, but mani" 
taining a constant and obvious relaticm to their apparent 
angular distances or elongations from the sun. For ex** 
ample ^ the apparent diameter oC^ Jfars is greater whea 
in opposition (as it is called) to ^e sun, i.e. when in 
the opposite part of the ecliptic jW when it comes on 
the meridian at midnight,— -being then about 18",-— but 
diminishes rapidly from the amount to about 4'', which 
is ilii apparent diameter when in conjunction^ or when 
seen in nearly the same direction as that luminary. This, 
and facts of a similar character, observed with respect to 
the apparent diameters of the other planets, clearly point 
out the sun as having more than an accidental relation 
to their movements. 

(396.) Lastly, certain of the planets, when viewed 
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ihrough telescopes, exhibit tiie appearance of phases 
like Siose of the mooa. This proves that they are 
opaque bodies, shining only by reflected light, which 
can be no other than the sun's; not only because there 
is no other source of light external to them sufficieotly 
powerful, but because die appearance and succession of 
the phases themselves are (like their visible diameters} 
intimately connected with their elongations from the sun, 
as will presently be shown. 

(397.) AccocdiiigJy, it is found, that, when we refer 
the planetary movements to llie sun as a centre, all that 
apparent irregularity which they offer when viewed from 
the earth disappears at once, and resolves itself into oae 
simple and general law, of which the earth's motion, ac 
explained in a former chapter, is only a particular case. 
In order to show how this happens, let us lake the caae 
of a single planet, which we will suppose to revolve 
round the sun, in a plane nearly, but not quite, coinci' 
dent with the ecliptic, but passing through the sun, and 
of course intersecting the ecliptic in a filed line, which 
is the line of the planet's nodes. This line must of 
course divide its orbit into two segments ; and it is evi- 
dent that, so long as the circumstances of the planet's 
motion remain otherwise unchanged, the times of de- 
scribing these segments must remain the same. The 
interval, then, between the planet's quilting either node, 
and returning to the same node again, must be that in 
which it describes one complete revolution round the 
sun, on its periodic time ; and thus we are furnished 
wi& a direct method^ aacettaioiDg the periodic time 
of each planet. ^f^' 

(398.) We have Wd (art. 386) that the planets make 
the entire tour of the heavens under very different cir* 
cumatances. This must be explained. Two of thfiin — 
Mercury and Venus— perform this circuit evidently as 
attendants upon the sun, from whose vicinity they never 
depart beyond a certain limit. They are seen sometimes 
to the east, sometimes to the west of it. In the former 
case they appear conspicuous over the western horizont 
just after sunset, and ace called evening stars: Venus, 
especially, appears occ^ionally In this situation with a 



w 



CHAP. Yin.^ MOTIONS OF THE INTERIOR PLANETS. 237 

dazzling lastre; and in favourable circumstances may 
be observed to cast a pretty strong shadow.* When 
they happen to be to the west of the sun, they rise be- 
fore that luminary in the morning, and appear over the 
eastern horizon as morning stars : they do not, how- 
ever, attain the same elongation from the sun. Mer- 
cury never attains a greater angular distance from it 
than about 29°, while Venus extends her excursions on 
either side to about 47°. When they have receded from 
the sun, eastward, to their resptfptive distances, they 
remain for a time, as it were, immoveable with respect to 
itf and are carried along with it in the ecliptic with a 
motion equal to its own ; but presently they begin to 
approach it, or, which comes to the same, their motion 
in longitude diminishes, and the sun gains upon them. 
As this approach goes on, their continuance above the 
horizon after sunset becomes daily shorter, till at length 
they set before the darkness has become sufficient to 
allow of their being seen. For a time, then, they are 
not seen at all, unless on very rare occasions, when they 
are to be observed passing across the sun's disc as 
snuUlf round, well'dejined black spots, totsdly different 
in appearance from me solar spots (art. 330). These 
phenomena are emphatically called transits of the re- 
spective planets across the sun, and take place when 
the earth happens to be passing the line of their nodes 
while they are in that part of their orbits, just as in the 
account we have given (art. 365) of a solar eclipse. 
After having thus continued invisible for a time, however, 
they begin to appear on the other «ide of the sun, at first 
showing themselves only for sjMkr minutes before sun- 
rise, and gradually longer and longer as they recede from 
him. At this time their motion in longitude is rapidly 
retrograde. Before they attain their greatest elongation, 
however, they become stationary in the heavens ; but 
their recess from the sun is still maintained by the ad- 
vance of that luminary along the ecliptic, which continues 
to leave them behind, until, having reversed their motion, 

* It nmst be thrown npcm a white ground. An open, window m a 
whitewashed room im the beit exposure. In thii aitaationt J have ob- 
served not only the shadow, but the diffracted iiinges edging its outline^— 
AtUhor, 
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and become again direct, they acquire sufficient speed to 
commence overtaking hinv— at which moment Hiey have 
■Ifaek grea^eit «Msfeni elongation ; and thus is a lund of 
oscillatory moT^tant kept up, while the genital advance 
^og the ediptic goea on. 



(399.) Suppose PQ to be the ecliptic, and ABD the 
orbit of one of these planets (for inBtance, Mercury), 
seen almost edgewise by an eye situated very nearly in 
its plane ; S, the sun, its centre ; and A, B, D, S suc- 
cessive positions of the planet, of whiuh B and S are. in 
the nodes. If, (hen, the sou S stood apparently still in 
the ecliptic, the planets would simply appear to oscillate 
backwards and forwards from A to D, nlternatfly passing 
befoce and beliind the sun ; and, if the eye happened to 
lie exacdy in the plane, of the orbit, transiting his diac 
lin the former case, aud being covered by it in Uie latter. 
But as tlie Bun is not so stationary, but apparently car- 
ried along the ecliptic FQ, let it be supposed to more 
over the spaces ST, TU, UV, while the planet in each 
case executes one quarter of its period. Then will its 
orbit be apparently carried along with tlie sun, into tlie 
Buccessive positions represented in the £gure ; and 
while its re^ motion round tbe sun brings it into the re- 
.epeciive points B, D, S, A, its apparent movement in the 
iuavens will seem toJbave been ulong the wavy or zig- 
-zag lino AMHK. In this, its motion in longitude wiU 
have bewi direct in the parts AN, NH, and retrograde in 
the paris HaK ; while at die turns of the zigzag, at 11, 
K, it will have been stationary. 

(400.) The only two planets— Mercury and Venus — 
whose evolutions are such as above described, are called 
inferior planets,- their points of iarthest recess from the 
-Bun are called (as above) their greatest eastern and west- 
ern elotigatiam ; mii their points of nearest approach lo 
it. rheir inferior and fttperior eotymwjtions ; the formpr 
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when the planet passes between the earth and the sun, 
the latter when behind the sun. 

(401.) In art. 398 we have traced the apparent path 
of an inferior planet, by considering its orbit in section, 
or as viewed from a point in the plane of the ecliptic. 
Let us new contemplate it in plariy or as viewed from a 
station above that plane, and projected on it. Suppose, 
then, S to represent the sun, abed the orbit of Mer- 
cury, and ABCD a part of that of the earth— --the direc- 
tion of the circulation being the 
same in both, viz. that of the 
arrow. When the planet stands 
at a, let the earth be situated at 
\B a, in the direction of a tangent, 
aA, to its orbit ; then it is evi- 
dent that it will appear at its 
greatest elongation from the 
sun ; the angle aAS, which 
measures their apparent interval 
as seen from A, being then great- 
er than in any other situation of a upon its own circle. 

(402.) Now, this angle being known by observation, 
we are hereby furnished with a ready means of ascer- 
taining, at least approximately, the distance of the planet 
from the sun, or the radius of its orbit, supposed a cir- 
cle. For the triangle SAa is right-angled at a, and con- 
sequently we have Sa : SA : : sin. SAa : radius, by which 
proportion the radii Sa, SA of the two orbits are directly 
compared. If the orbits were both exact circles, this 
would of course be a perfectly rigorous mode of pro- 
ceeding : but (as is proved by the inequality of the re- 
sulting values of Sa obtained at difierent times) this is 
AOt the case ; and it becomes necessary to admit an ec- 
eentricity of position, and a deviation from tlie exact cir- 
cular form in both orbits, to account for this difference. 
Neglecting, however, at present this inequality, a mean 
or average value of Sa may, at least, be obtained from 
the frequent repetition of this process in all varieties of 
situation of the two bodies. The calculations being per- 
formed, it is concluded that the mean distance of Mer- 
cury from the sun is about 36000000 miles ; ai^d that of 
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Venue, Einiilsrly deriTed, about 6SO0O000 : ihe radina 
of Uie earth's oAU being 95000000. 

(403.) The sidereal periods of Ihe planets mar be ob- 
taiued (aa before obHervcd), wilh a considerable approach 
to accuracy, by observing their passages ihroagh the 
Dodea of their orbits ; and, indeed, when a certain very 
roinuie motian of these aodea (similar to that of the 
moon's nodes, bat incomparably slower) is aUotred for, 
with a precision only limited by the imperfection of the 
appropriate obserFations. By such observation, so cor- 
rected, it appears that the sidereal period of Mercury is 
97* 23' 15- ia-*; and that of Venus, 224' 16* 49" 
8-0", These periods, howeTer, are widely dijfereitt from 
the intervals at which the successive appearances of die 
two planets at their eastern and western elongations from 
the sun are observed to happen. Mercury is seen at its 
greatest apiendour as an evening star, at average intervals 
of about 116, and Venus at intervals of about 584 days. 
The difference between the sidereal and gynodical re- 
volutions (art. 353) accounts for this. Referring again 
to the figure of art. 401, if the earth stood still at A, 
while the planet advanced in its orbit, the lapse of a si- 
dereal period, which should bring it round again to a, 
would also reproduce a siinilar elongatinn from the sun. 
But, meanwhile, the earth has advanced in its orbit in 
the same direction towards E, and therefore the next 
greatest elongation on the same side of the sun will hap- 
pen — not in the position aA of the two bodies, but in 
some more advanced position, eE. The determination 
of this position depends on a calculation exactly similar 
to what has been explained in the article referred to ; 
and we need, therefore, only here Stale the resulting 
synodical revolutions of the two planets, which come 
out respectively 115-877% and 5B3-930''. 

(404.) In this interval, the planet will have described 
a whole revolution plus the arc a e, and the earth only 
tlie arc ACE of its orbit. During its lapse, the inferior 
eonjunrlion will happen when Sie earth has a certain 
intermediate situation, B and the planet has reached b, a 
point between the sun and earth. The greatest eloi^- 
tinn on the opposite side of the sun will happen when 
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(Jie earth has come to C, and the planet to c, where the 
line of junction Cc is a tangent to the interior circle on 
the opposite side from M. Lastly, the superior con- 
junction will happen when the earth arrives at D, and 
the planet at d in the same line prolonged on the other 
side of the sun. The intervals at which these phenome- 
na happen may easily be computed from a knowledge of 
the synodical periods and the radii of the orbits. 

(405.) The circumferences of circles are in the propor- 
tion of their radii. If, then, we calculate the circumfe- 
rences of the orbits of Mercury and Venus, and the earth", 
and compare them with the times in which their revolu- 
tions are performed, we shall find that the actual veloci- 
ties with which they move in their orbits differ greatly ; 
that of Mercury being about 109400 miles per hour, of 
Venus 80060, and of the earth 68080. From this it fol- 
lows, that at the inferior conjunction, or at 6, either 
planet is moving in the same direction as the earth, but 
with a greater velocity ; it will, therefore, leave the earth 
behind it : and the apparent motion of the planet viewed 
from t^e earth, will be as if the planet stood still, and 
tne earth moved in a contrary direction from what it 
really does. In this situation, then, the apparent motion 
of the planet must be contrary to the apparent motion of 
the sun ; and, therefore, retrograde. On the other hand, 
at the superior conjunction, the real motion of the planet 
being in the opposite direction to that of the earlh, the 
relative motion will be the same as if the planet stood 
still and the earth advanced with their united velocities 
in its own proper direction. In this situation, then, the 
apparent motion will be direct. Both these results are in 
accordance with observed fact. 

(406.) The stationary points may be determined by 
the following consideration. At a or c, the points of 
greatest elongation, the motion of the planet is directly 
to or from the earth, or along their line of junction, while 
that of the earth is nearly perpendicular to it. Here, 
then, the apparent motion must be direct. At b, the in- 
ferior conjunction, we have seen that it must be- retro- 
grade, owing to the planet's motion (which is there, as 
well as the earth's, perpendicular to the line of junction) 
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w u rpa f ing the earth's. Hence, the slatioiiary pouif 
011^ lo lie, as ii is feiiiid bj obaeiTation they do, be* 
iween a and k^ifi e and 6, riz, m soeh a poeitiiMi that 
Ibe obliqnity of the fdaaei's molioB widi respeei to iht 
line of jmietioii shall just conpeiiaate lor the exeeas of 
its TdociUr, and cause ao equal advance of each extre- 
mity of that line, bj the molkm of tibe planet atone end, 
and of the earth at the other : so that, for an instant of 
time, the whole line shafl more panAd to itselfl The 
question thus proposed is poiely geometrical, and^ils 
tft^tion on the supposition of eircolar orbits is eaaqr; 
bat when we regard them as otherwise than ardos 
(which they really are), it becomes somewhat eompiex 
— 4oo nrach so to be here enteivd upon. It will si^ee 
to state the residts whu^h experience Terifies, and wfaadk 
assigns the stationary points of Mereary at from 15° to 
20° of elongation from the son, according to circom- 
stances ; and of Venus, at an elongation never Taryii^ 
much from 29°. The former continoes to retrograde 
during about 22 days ; the latter about 42. 

(407.) We have said that some of the planets |sxh3)^ 
phases like the moon. This is the case with bom Mei^ 
cury and Venus ; and is readily explained by a consi- 
deration of their orbits, such as we have above supposed 
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them. In fact, it requires little more than mere inspec- 
tion of the figure annexed, to show, that to a spectator 
situated on the earth E, an inferior planet, illumi^iated 
by the sun, and therefore bright on the side next to him, 
and dark on that turned from him, will appear yW/ at the 
superior ronj unction A; gibbous (t. e. more than half 
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lull, like the moon between the first and second quarter) 
between that point and the points BC of its greatest 
elongation ; half-mooAed at these points ; and crescent- 
shaped, or horned, between these and the inferior con- 
junction D. As it approaches this point, the crescent 
ought to thin oiF till it vanishes altogether, rendering the 
planet invisible, unless in those cases where it transits 
the sun's disc, and appears on it as a black spot. All 
these phenomena are exactly conformable to observation ; 
an4^ what is not a little satisfactory, they were predicted 
as necessary consequences of the Copernican theory be^ 
fore the invention of the telescope.* 

(408.) The variation in brightness of Venus in differ- 
ent parts of its apparent orbit is very remarkable. This 
arises from two causes : 1st, the varying proportion of 
Its visible illuminated area to its whole disc ; and, 2dly, 
the varying angular diameter, or whole apparent magiu- 
tude of the disc itself. As it approaches its inferior con- 
junction from its greater elongation, the half-moon be- 
comes a crescent, which thins off; but this is more than 
]|K)mpensated, for some time, by the indreasing apparent 
oiEgnitude, in consequence of its diminishing distance. 
. Thus the total light received from it goes on increasing, 
(ill at length it attains a maximum, which takes place 
when the planet's elongation is about 40°. 

(409.) The f.-apsits of Venus are of very rare occur- 
rence, taking place alternately at intervals of 8 and 113 
years, or thereabouts. As astronomical phenomena, they 
Are, however, extremely important ; since they afford the 
best and most exact means we possess of ascertaining 
the sun's distance, or its parallax. Without going into 
the niceties of calculation of this problem, which, owing 
to tlie great multitude of circumstances to be- attended to, 
are extremely intricate, we shall here explain its prin- 
ciple, which, in the abstract, is very simple and obvious. 
Let £ be the earth, V Venus, and S the sun, and CD the 
portion of Venus's relative orbit which she describes 
while in the act of transiting the sun's disc. Suppose 
AB two spectators at opposite extremities of that dia- 

" See Essay on the SriTDr ov Natural Philosophy, Cab. Cyclo. 

Vol. XIV. p. 269. 
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meter of ihe earth which is perpendicular to the ecliptie, 
aod, to avoid (complicating the case, let ua lay ont of 




con a ii]f ration the earth's rotation, and suppose A, ]!, to 
retain that situation during the whole time of the traont. 
Then, at any moment when the spectator at A sees the 
centre of Venus projected at a on the sun's disc, he at B 
will see it projected at b. If then one or other spectator 
could suddenly transport himself from A to B, he would 
Bee Venus suddenly displaced on the disc from a to A ; 
Uid if lie had any means of noting' accurately the place 
of the points on the disc, either by micromelrical mea- 
saies from ita edge, or by other means, he might ascer- 
tain the angular measure of a 6 as seen from the earth. 
Now, since AV«, BVb, are straight lines, and therefoR 
make equal angles on each aide V, ab will be to AB-aa 
the distance of Venus from the sun is to its distance front 
the earth, or as 68 to 27, or nearly as 2^ to 1 : a 6, therefore, 
occupies on the sun'a disc a space 2i times as great m the 
earth's diameter ; and its angular measure is therefore 
equal to about 2^ tird^ the earth's apparent diameter «t 
the distance of the sbn, or (which is the same thing) to 
fire times the sun's horizontal parallax (art. 29S). Any 
error, therefore, which may be committed in measuring 
a b, will entail only one fijtk o{ that error on Ihe hori- 
zontal parallax concluded from it. 

(410.) The thing lo be ascertained, therefore, is, in 
fact, neither more nor less than the breadth of the zone 
PQRS, pq r a, included between the extreme apparent 
paths of the centre of Venus across the sua's disc, from 
its entry on one side to its quitting it on the other. The 
whole business of the observers at A, B, therefore, re- 
solves itself into this ; — to ascertain, with all possible 
care and precision, each at hie own station, Uiis path— ■ 
where il enters, where it quits, and what segment of the 
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sun's disc it cuts oiF. Now, one of the most exact ways 
in which (conjoined with careful micrometric measures) ^ 
-this can be done, is by noting the time occupied in the*. ' *" 
whole transit : for the relative angular motion of Venus 
being, in fact, very precisely known from the tables of her 
motion, and the apparent path being very nearly a straight 
line, these times give us a measure {on a very enlarged 
scale) of the lengths of the chords of the segments cut 
off; and the sun's diameter being known also with great 
precision, their versed sines, and therefore their differ- 
ence, or the breadth of the zone required, becomes 
known. To obtain these times correctly, each observer 
must ascertain the instants of ingress and egress of the 
centre. To do this, he must note, 1st, the instant when 
the first visible impression or notch on the edge of the 
disc at P is produced, or the Jirst external contim; 2dly, 
when the planet is just wholly immersed, and the 
broken edge of the disc just closes again at Q, or the 
first internal contact ; and lastly, he must make the same 
observations at the egress at R, S. The mean of the in- 
ternal and external contacts gives the entry and egress 
||(Plhe planet's centre. 

- (411.) The modifications introduced into this process 
by the earth's rotation on its axis, and by other geogra- 
phical stations of the observers thereon than here sup- 
posed, are similar in their principles to those which enter 
into the calculation of a solar eclipse, or the occultation of 
a star by the inoon, only more refined. Any considera- 
tion of them, however, here, would lead us too far ; but 
in the view we have taken of the subject, it affords an 
admirable example of the way in which minute elements 
in astronomy may become magnified in their effects, and, 
by being made subject to measurement on a greatly en- 
larged scale, or by substituting the measure of time for 
space, may be ascertained with a degree of precision 
adequate to every purpose, by only watching Tavourable 
opportunities, and taking advantage of nicely adjusted 
combinations of circumstence. So important has this 
observation appeared to astronomers, that at the last 
transit of Venus^ in 1769, expeditions were fitted out, on 
Ifae most efficient scale, by the British, French, Russian, 
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anil other govenimeiila, lO'^Ve remotest iMmerE of die 
globe, for the espreu putpoii- i.f perrormiag iu The 
celebrated eipedition of Capijiii Cook to Oiaheite was 
ooe of ihem. The general re^uU uf all the obseiraiions 
made on thi« most memorable occasion gives 8"-5776 
for the buh'h horizontal paralLix. 

(412.) The orbit of Mercury \» very elliptical, the ec- 
centricity being nearl|r-one fourili of tJie meftn distance. 
This appears from the inequaliiy of the greatest elonga- 
liona from the aim, as observed al different limes, uid 
which vary between the limits IG^ 12' and 28° 4S', and, 
from exact measures 9f such elongations, il is not diffi- 
cult to ikow that the orbit of Venua also is slightly ee- 
cenlric) rad that Jioth these planets, in fact, describe 
, ellipBeJ^aving die sun in their common focus. ^ 

(4UriH^t us now consider ihe superior planets, or 
thos'e l^bse orbits enclose on all sides thai of the earth. 
That Mttey do so is proved by several circiimslancea : — 
1st, They are not, like the inleiior planets, confined to 
certain limits of elongation from tlje sun, but appear a.t 
all distances from it, even in the opposite quarter of the 
heavens, or, as it is called, in npposUion ; which cptibl 
not happen, did not the earth at sucli times place iUelf 
between them and the sun : ^dly, Tlwy tiaver appear 
honied, like Venus or Mercury, nor .eren semilunar. 
Those, on the contrary, whicli, f»oin the minuteness of 
their parallax, we conclude to be tlie most distant from 
us, viz. Jupiter, Satunh ^^nd Uranus, never appear other- 
wise than round ; a sufflcient proof, of itself, that we see 
thern always in a direction nut very remote from that in 
which the sun's rays illuminate them ; and that, there- 
fore, wc occupy a station whicli is never very widely re- 
moved from the centre of their orbits, or, in other words, 
tl t tl e e th's orbit is entirely enclosed within theirs, 
and of con pa alively tmall diameter. One only of them, 
M 8 exl b ts any perceptible phase, and in its defi- 
e y f om a circular oudine, never surpasses a mode- ■ 

cl) e; bho g appearance — the enlightened portion of 
I e J 3 b ng never less than seven-eighths of the whole. 
To unile sta d this, we need only cast our eyesj)n the 
?.nnex(.d tigfure, in which E is the earth, tft its apparent* 
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greatest elongation from tli# sun S, as 
seen from Mars, M. In this position, 
the angle 8ME, included between the 
tines SM and EM, is at its maximum ; 
and, therefore, in this state of things, a 
spectator on the earth is enabled to see a 
greater portion of the dark hemisphere 
of Mars than in any other situatrofQiA ^^^ 
extent of the phase, then, or greatest ob- 
servable degree of gibbosity affords a 
measure — ^a sure, alAough a coarse and 
rude one— of the angle SME, andthere- 
fore of the proportion of the distance 
SM, of Mars to SE, that of the earth 
from the sun, By which it appears that 
the diameter of the orbit of Mars can- 
not be less than I5 that of the earth*s. The '^ffi&s&s of 
Jupiter, Saturn, and Uranus being imperceptible; it fol- 
lows that their orbits must include not only that of the 
earth, but of Mars also. 

(414.) All the superior planets «re retrogrstde in thei^ 
apparent motions "when in oppositiothy and for some time 
before and kftbr ; but they differ greatly from each other, 
both in the ttAetft of their arc of retrogradation, in the 
duration of theit retrograde movement, and in its rapidity 
when swiftest. It is more extensive and rapid in the 
case of Mars than of ^piter, of Jupiter than of Saturn, 
and of that planet than Uranus. The angular velocity 
with which a planet appears to titrograde is easily ascer- 
tained by observing its apparent place in the heavens 
from day today; and from such observations, made about 
the time of opposition, it is easy to conclude the relative 
magnitudes of their orbits as compared with the earth's, 
supposing their periodic times known. For, from these, 
their mean angular velocities are known also* being in- 
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versely as the times. Suppose, then, Ee to be a very 
imall portion ^f the earth's orbit, and Mm a correspond- 



log portion of ihal of a superior planet, described on the 
day of opposition, about the sun H, on which day Uie 
three bodies lie in one straight line SEMX. Then the 
angles ESe and MSm arc given. Now, if e m be joined 
Bud prolonged to meet SM continued in S, the angle clLXI, 
whicli is equal to the alternate ^t^le Xeu, is evidently the 
Tetrogradation of Mara on. that day, anu is, therefore, also 
given. Be, therefore, and the angle EXe, being given in 
Uie Tight-angled triangle EeX, the side EX is easily cal- 
culated, and thus SX. becomea known. Conscqueully, 
in the triangle SmX, we have given the side SX and the 
two angles wiSX and siXS, whence the other sides, S»i, 
tfiX, are easily determined. Now, Sin is no other than 
tlie radius of the orbit of the guperior planet required, 
whic^ in this calculation is supposed cnpular as well as 
that ^C^e earth ; a supposittoii not esact, but sufficiently 
so to'^orda satisfactory approximation to the dimeii' 
aiODS of its orbit, and which, if the process be often re- 
peated, iu every variety of situation at which the oppo- 
sition can occur, will ultimately afford an average or 
^niean value of its diameter fully to be depended upon. 
(415.) To apply this principle, however, to practice, 
jt is necessary to know the periodic times of the several 
planets. These may be obtained directly, aa has been 
alrea^ stated, by observing the intervals of their pas- 
sages through the ecUplic ; but owing to the very small 
inclination of the orbits of some of them to its plane, 
they cross it so obliquely that the precise moment of 
their arrival on it is not ascertainable, unless by very nics 
observations. A better method coBfilsts in delerniining, 
from the observations of several Ruccessive days, the 
exact moments of their arriving inopposilion with the sun, 
tile criterion of which is a difference of longitudes be- 
'tween the sun and planet of exactly 180°. The intervaj 
between successive oppositions thus obtained is nearly 
one aynodical period"; and would be exactly so, were the 
plai ct's orbit and that of the earth both "circles, and uni- 
fornly described ; but aa that is found not to be the case 
(jiiid the criterion is, the ineijttalily of successive synod- 
ical revoliitions so abserved), the average of a great num- 
ber, taken in all varieties of situation in which (he opp«* 
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sitions occur, will be freed • from the elliptic inequality, 
and may be taken as a mean synodiccd period. From 
this, by the considerations employed in art. 353, and by 
the process of calculation indicated in the note to that 
article, the sidereal periods are readily obtained. The 
accuracy of this determination will, of course, be greatly 
increased by embracing a long interval between the ex- 
treme observations employed. In point of fact, that in- 
terval extends to nearly 2000 years in the cases of the 
planets known to the ancients, who have recorded their 
observations of them in a manner sufficiently careful to 
be made use of. Their periods may, therefore, be regard- 
ed as ascertained with the utmost exactness. Their nu- 
merical values will be found stated, as well as the mean 
distances, and -n^ the other elements of the planetary 
orbits, in the synoptic table at the end of the volume, to 
which (to avoid repetition) the reader is once for all re- 
ferred. 

(416.) In casting our eyes down the list of the planet- 
ary distances, and comparing them with the periodic 
times, we cannot but be struck with a certain correspond- 
ence. The greater the distance, or the larger the orbit; 
evidently.' t^ie.ioiiger the period. The order of the pla- 
nets, beginning from the sun, is the same, whether we 
arrange them according to their distances, or to thjQ time 
they occupy in completing their revolutions ; and is as 
follows :— Mercury, Venus, Earth, Mars — the four ultra- 
zodiacal planets — ^Jupiter, Saturn, and Uranus. Never- 
theless, when we'CO]iifr-.to examine the numbers express- 
ing them, we find that- the relation between the two series 
is not that of simple proportioned increase. The periods 
increase more than in proportion to the distances. Thus, 
the period of Mercury is about 88 days, and that of the 
Earth 365— being in proportion as 1 tO'4'15, while Uielt* 
distances are in Uie less proportion of 1 to 2-56 ; and- .a 
similar remark holds good in every instance. Still, the* 
ratio of increase of the. times is not so rapid as that oT 
the squares of the distances. The square of 2' 56 is 
6*5536, which is considerably greater than 4' 15. An in- 
termediate rate of increase, bet wee;ijfli}p's&n pie proportion 
Qf the distances and that of their squares, is therefore 
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dearly pointed oul by the sequenoe of the imnib^is ; bvl 
itreqaired no Ordinary peaeU'ation in the illustrious Kep- 
Ibt* backed by uncommnD perseverance and induHtry, ai 
m period irhen the data themselves were inrolred in ob- 



of which the more receat inTcntion of logarithmir tables 
ham h^pily left an no coDcepiion, to perceive and demon- 
•trate die real law of their comiexton. This connexion 
iff expreaaed in ibefolJowing proposition: — "The squares 
of the periodic times of any two planets are to each 
Dthofi in the same proportion as tlie cubes of dieir mean 
dinlances from the sun." Take, for example, the earth 
and Marst* wtiose periods are in the proportion of 
3659564 to 68Bi)7S6, and whose tlistattaes ^m Uie sua 
iath^. of lOOOOD (a 152369; and it will be found, by 
any ooe who will take the trouble to go through the calcu- 
lation, that— 

(«(B2S64)'; (0869796)':: {I00000)=:(152369)^ 
(417.) Of all the laws to which induction froai pure 
obwrvauou has ever conducted man, this third law (as 
'it is called) o^^i7>/er may justly be regarded as the most 
remarkable, and the most pregnant with important conse- 
quences. When we contemplate the constituents of the 
planetary system from the point of view which this retft- 
tiun a^orde us, it is no longer mere analogy which strikes 
us— no longer a general resemblance among them, as 
individuals independent of each other, and circulating 
about the sun, each according to ita oW-pecnliar nature, 
and connected with it by its own pMpJiM tie. The re- 
semblance is now perceived to be Atraefiaaily likeness ; 
they are bound up in one chain — interwoven in one web of 
mutual relation and barmonious agreement— subjected to 
otftt pervading influence, which extends from the centra 
Imllffi farthest limits of that great system, of which all of 
them, the eairth included, must henoeforth be regarded as 
members. ,- 

(418.) Tbo laws of elliptic motion about the aun as a 

■TJieeiprMuan of Ihn law of Kepler require! & ili^t nudtficaliaa 
when we come 1u Jtra^nme nicetj' of numericsl caleulUioD, for tb* 

greoter pluieB, due U ahAiaence of their nuuM*. "^' '— - 

nparcelXible 6>i the eanHnd Han. 
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focus, and of the equable description of areas by lines 
joining the sun and planets, were originally esUiblished 
by Kepler, from a consideration of the observed motioiM 
of Mars ; and were by him extended, analogically y to all 
the other planets. However precarious sudi an extension 
might then have appeared, modem astronomy has confer 
pletely verified it as a matter of fact, by the general coinci* 
denee of its results with entire series of observations of 
the apparent places of the planets. These Are found to 
accord satisfactorily with the assumption of a particular 
ellipse for each planet, whose magnitude, degree of eccen- 
tricity, and situation in space^ are numerically assigned 
in the synoptic table before referred to. It is true, that 
when observations are carried to a high degree -of preei- 
sioDb and when each planet is traced through many suc- 
cessive revolutions, and its history carried back, by the 
aid of calculations founded on these data, for many centu- 
ries, we learn to regard the laws of Kepler as ovlyfirit 
approximations to the much more complicated ones 
which actually prevail ; and that to bring remote observa- 
tions into rigorous and mathematical accordance wiih 
each other, and at the same time to tetain the extremely 
convenient nomenclature and relaticms of the elliptic 
svstem, it becomes necessary to modifyt to a certain ex- 
tent, our verbal expression of the laws, and to regard the 
numerical data or elliptic elements of the planetary orbits 
as not absolutely permaneiKt, but subject to a series of 
extremely slow and almost imperceptible changes. These 
changes may .|^ ae^cted when we consider only a few 
revolutions ; but gpi|ai(3^ on from century to century, and 
continually acompiililf^t]^, they at length produce consider- 
able departures in the orbits from their original state. 
Their explanation will form the subject of a subseqnoit * 
chapter; but for the present we must lay them oiH,;,tf 
consideration, as of an order too minute to affect the giit^^ 
ral conclusions with which we are now concerned, l^i 
wh^ means astronomero ar^ enabled to compare the r6«' 
suits of the elliptic theory with observation, and^us 
satisfy themselves of its accordance vitb ttatore, wiU he 
explained presently. vj^l" 

(419.) It will first, however, be! pulpier 4a point «nt/. 
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what particular theorptkal condusioa is involved in each 
of the three laws of Kepler, considered as Batisfactorily 
established, — what indication each of them separate!^ 
affords of the mechanical forces prevalent in our system, 
and the mode in whinh its parts are connected — and Low, 
when thus considered, they constitute the basis on which 
the Newtonian explanation of the mechanism of the heii- 
Tens is mainly supported. To begin with the first law, 
that of the equable description of areas. — Since the pls:- 
nel8 move in curvilinear paths, theymMJ( fif they be bo- 
dies obeying the laws of dynamics) be deflected from 
their otherwiee natural rectilinear progress by force. And 
from this law, taken as a matter of observed fact, it fol- 
lows, that the dirtction of such force, at every point of 
the orbit of each planet, always prasen through the sun. 
No matter from what ultimate cause the power which is 
called gravitation originates — be it a virtae lodged iri 
the sun as its receptacle, or be it pressure from without, 
or the resultant of many pressures or solicitations of un- 
known fluids, magnetic or electric ethers, or impulses — 
still, when finally brought under oiir contemplation, and 
snmmcd up into a single resultant enerey, its direction 
is, from every point on all sides, towards the swn's een- 
Ire. As an abstract dynamical proposition, the reader 
will find it demonstrated by Newton, in the 1st proposi- 
tion of the Principia, with an elementary simplicity to 
which we really could addnothingbut obscurity by ampli- 
fication, that any body, urged towards a certain central 
point by a force continually directed thereto, and ihereby 
deflected into a curvilinear path, will describe about that 
centre equal areas in equal times ; and vice versa, that 
such equable description of areas is itself the essential 
criterion of a continual direction of the acting force to- 
wards the centre to which this character belongs. The 
fir&t law of Kepler, then, gives us no information as to the 
nature or intonaily of the force urging the planets to the 
sun; the only conclusion it involves, is that it doe»so 
urge them. It is a property of orbilual rotation under 
the influence of central forces generally, and as snch, we 
daily see ii exemplified in a thousand familiar instances. 
A aimplp experimemal illustration of it is ta tie a bnlle* 
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to a thin string, and, having whirled it round with a mo- 
derate velocity in a vertical plane, to draw the end of the 
string through a small ring, or allow it to coil itself round 
the finger, or a cylindrical rod held very firmly in a hori- 
zontal position. The bullet will then approach the centre 
of motion in a spiral line ; and the increase not only of its 
angular but of its linear velocity, and the rapid diminution 
of its periodic time when near the centre, will express, 
more clearly than any words, the compensation by which 
its uniform description of areas is maintained under a 
constantly diminishing distance. If the motion be re- 
versed, and the thread allowed to uncoil, beginning with 
a rapid impulse, the velocity will diminish by the same 
degrees as it before increased. The increasing rapidity 
of a dancer's pirouette^ as he draws in his limbs and 
straightens his whole person, so as to bring every part of 
his frame as near as possible to the axis of his motion, is 
another instance where the connexion of the dbserved 
effect with the central force exerted, though equally real, 
is much less obvious. 

(420.) The second law of Kepler, or that which as- 
serts that the planets describe ellipses about the sun as 
their focus, involve9, as a consequence, the law of solar 
gravitation (so be i^jJlowed to call the force, whatever it 
be, which urges thejiai towards the sun) as exerted on each 
individual planet, apiirt from all connexion with the rest. 
A straight line, dynamically speaking, is the only path 
which can be pursued by a body aba^utdy free^ and un- 
der the action of no external force. All diction into a 
Qurve is evidence of the exertion of a force ; and the 
greater the deflection in equal times, the more intense the 
force. Deflection from a straight line is only another 
word for curvature of path ; ana as a circle is character- 
ized by the uniformity of its curvature in all its parts-HK> 
is every other curve (as an ellipse) characterized b]|.1he. 
particular law which regulates the increase and dujnni^ 
t^n of its curvature as we advance along its circumfe- 
rence. The deflecting force, then, which continually 
bends a moving body into a curve, may be ascertained, 
provided its direction, in the first place, and, secondly, 
the law of curvature of the curve itself, be known. Both 
these enter as elements into the expression of the force* A 
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body may describe, for insUmce, an ellipse, under a great 
variety of dispositiona of the acting forces : it may giide 
along it, for example, as a bead npon a polished wire, 
bent into an elliptic form ; in which case the acting force 
is always perpendicular to the wire, and the Telocity ia 
uniform. In this case the forte is directed to no Jixed 
centre, and there is no equable description of areas at alL 
Or it may describe it as we may see it done, if we nua- 
pend a ball by a very long string, and, drawing it a Utile 
aside from the perpendicular, throw it round with a gen- 
tle impulse. In this case the acting force is directed to 
the centre of the ellipse, aboul which areas are described 
equably, and /o which a farce proportional to the distance 
(the decomposed resnlt of terrestrial gravity) perpetoally 
urges it. This iaatonce a very easy experiment, andavery 
instructive one, and we shall again refer to it. In the 
case before us, of an ellipse described by Hie action of » 
force directed to the foctis, the steps of the investigation 
of the law of force are these : 1st, The law of the areas 
determines the actual uelocilu of the revolving body at 
every point, or the space really nm over by it in a given 
minute portion of time ; 2dly, The law of curvature of the 
ellipse determines the linear anionnl of doilection from the 
tangent in the direction of Ihefonis,- which correspondB 
to thai space so ran over ; 3dly, and lastly, The laws of 
accelerated motion declare that the intensity of the acting 
force cansing such deflection in its own direction, is mea- 
sured by or proportional to the amount of that deflectiOM, 
and may therefore be calculated in any particular position, 
or generally expressed by geometrical or algebraic synl- 
bols, as a law independent of particular positions, when 
that deflection is so calculated or espresaed. We have 
here the spirit ofthe process by which Newton has resolved 
this interesting problem. For its geometrical detail, we 
must refer to the 3d section of hia Frincipia. We know 
of no artificial mode of imitating this species of elliptic 
motion ; though a rude approximation to it^-eiion|li, 
however, to give a conception of the alternate approach 
and recess of the revolving body to and from the focus, 
and the variation of Its velocity — may be had by suspend- 
ing a small steel bead Irf a fine and very long silk fibre, 
and selling ll to revolve in a ?mal! nr'iit round the pole of 
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a powerful cylindrical magnet, held upright, and verti- 
cally under the point of suspension. 

(421.) The third law of Kepler, which connects the 
distances and periods of tlie planets by a general rule, 
bears with it, as its theoretical interpretation, this im- 
portant consequence, tIz. that it is. one and the same 
force, modified only by distance from the sun, which 
retains cUl the planets in their orbits about it. That the 
attraction of the sun (if such it be) is exerted upon all 
the bodies of our system indifferently, without regard to 
the peculiar materials of which they may consist, in the 
exact proportion of their inertiae, or quantities of matter ; 
that it is not, therefore, of the nature of the elective at- 
tractipns of chymistry, or of magnetic action, which is 
powerless on other substances than iron and some one 
or two more, but is of a more universal character, and 
extends equally to all the material constituents of our 
system, and (as we shall hereafter see abundant reason to 
admit) to those of other systems than our own. This 
law, important and general qs it is, results,, as the sim- 
plest of corollaries, from the relations establivhed by 
Newton in the section of the Frineipia referred to 
(prop. XV.), from which proposition it results, that if 
the earth were taken from its actual orbit, and launched 
anew in space at Hhe place, in the direction, and with 
the velocity of any of the other planets, it would desoaeibe 
He very same orbit, and in the same period, which fStM: 
planet actually does, a very minute correction at- lititjgt* "^ 
hod only excepted, arising from the different btftfVffn*. 
the mass of the earth and that of the planet. Small ivribe 
planets are compared to the sun, some of them are not, 
as the earth is, mere atoms in ike comparison. The 
strict wording of Kepler's law, as Newton has proved in 
his fifty-ninth proposition, is applicable oidy to the case 
of planets whose proportion to the central body is abso- ' 
iutely inappreciable. When this is not the case, the 
periodic time is shortened in the proportion of the 
square root of the number expressing the sun's mess 
or inertia, to that of the sum of the numbers expressing 
the masses of the sun and planet; and in general, what- 
ever be the masses of two 4)odie8 revolving round eaeh 
other under the influence of thPft Newtonian law of gra' 

X.8 
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vity, the Bqnare of their periodic lime will be espresaed 
by a fmclion whose numerator is the cube of their mean 
distance, i. e. the greater aemi-axia of their elliptic orbit, 
and whose denominator is the sum of their masaee. 
When one of the masses ia incomparably greater than 
the other, this resolves ilBclf into Kepler's law ; bnl 
when tliis is not the case, the proposition thus general- 
ized stands in lien of that law. In the system of the sun 
and planets, however, the numerical correction thus in 
Iroduced into the remilts of Kepler's law is too Hmall to 
be of any importance, the m;iss of the largest of the 
planets (Jupiter) being much lese than a thousandth 
part of that of the sun. We shall presently, however, 
perceive all the importance of tliis generalization, when 
we come to apeak of the satellites. 

(423.) It will first, however, be proper to explain by 
what process of calcidation tlie eipression of a planet's 
elliptic orbit by its elements can be compared with ob- 
iervation, and how we can satisfy otiraelves that the 
numerical data contained in a table of sucli elements for 
the whole system lioes really exhibit a true picture of 
it, and afford tlie means of determining its state at every 
instant of lime, by the mere application of Kepler's laws. 
Now, for each plaiiet, it is necessary for this purpose to 
kaow, 1st, the magnitude and form of its ellipse ; 2dly, 
thf aquation of this ellipse in space, with respect lo the 
^ttMiuwt, and to a fixed line drawn therein ; Sdly, die 

.'■i ^^S, i^|d ~its periodic time or mean angular velocity, 
or, wit is called, its mean motion. 

(433.) 'rhe magnitude and form of an ellipse are de- 
termined by its greatest length and least breadth, or its 
two principal ares ; but for astronomical uses, it is pre- 
ferable to use the semi-axis major (or half the greatest 
length), and the eccentricity or distance of the focus 
'from the centre, which last is usually estimated in parts 
of (he former. Thus, an ellipse, whose length is 10 
and breadth 8 parts of any scale, has for its major semi- 
axis 6, and for its eccentricity 3 such parts ; but when 
OBtitDated in parla of the semi-axia, regarded as a unit, 
the eccentricity is ezpn^ufld by the fraction |. 

(*Z4). The eclipti^ the plane to which an inhabit- : 
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ant of the earth most naturally refers the rest of the solar 
system, as a sort of ground-plane ; and the axis of its 
orbit might be taken for a line of departure in that plane 
or origin of angular reckoning. Were the 3.xis Jixed, 
this would be the best possible origin of longitudes ; but 
as it has a motion (though an excessively slow one), 
there is, in fact, no advantage in reckoning from the axis 
more than from the line of the equinoxes, and astrono- 
mers therefore prefer the latter, talking account of its va- 
riation by the effect of precession, and restoring it, by 
calculati9n at every instant, to a fixed position. Now, 
to determine the situation of the ellipse described by a 
planet with respect to this plane, three elements require 
to be known:— 1st, the inclination of the plane of the 
planet's orbit to the plane of the ecliptic ; 2dly, the line 
in which thesB two planes intersect each other, which of 
necessity passes through the sun, and whose position 
with respect to ,the line of the equinoxes is therefore 
given by stating its longitude. This line is called the 
fine of the nodes. When the planet is in this line, in 
the act of passing from the south tb the north side of 
the ecliptic, it is in its ascending node, and its longitude 
at that moment is the element called the longitude of the 
node. These two data determine the situation of the 
plane of the orbit ; and there only remains, for the com- 
plete determinatfon of the situation of the planet's iflttifse. 
to know how it is placed in that plane, which (sft 
focus is necessarily in the sun) is ascertained by-( 
the longitude of its perihelion, or the place i " 
extremity of the axis nearest the suif occupied^, when 
orthographically projected on the eeliptic. 

(425.) The dimensions and situation of the planet's 
orbit thus determined, it only remains, for a complete 
acquaintance with its history, to determine the circum- 
stances of its motion in the orbit so precisely fixed. 
Now, for this purpose, all that is needed is to know the 
moment of time when it is either at the perihelion, or 
at any other precisely determined point of its orbit, and 
its whole period ; for these being known, the law of the 
areas determines the place at every other instant. This 
moment is called (when Ih^^perihelion is the point 
ohosen) the perihelion passage/tty when some point oi 
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the orbit is fised upon, wiihoui special reference to the 
perihelion, the epoch. 

(426.) Tlius, then, we have levm pariiculara or ele- 
ments, whicli must be aumericully stateJ, before ne can 
reduce to calculatioa the «tate of the system at any 
given moment. But, these known, it ia easy lo aacertain 
the apparent positions of each planet, as it woulil be seen 
from the sun, or is seen from the earth at any time. 
The former is calied the heUocenlric, the latter die g-eo- 
etntric, place of the planet. 

. (427.1 To commence with tlie 
' heliocentric places. Let S re- 
j present the sun ; APN the orbit 
-<7'of the planet, being an ellipse, 
having the sun S in its focos, 
and A for its perihelion ; and let 
poN T represent the projection of the orbit on the plane 
of the ecliptic, inlersecling the line of eqninoxes S T in 
V, which, therefore, is the origin of longitudes. Then 
will SN be the line of nodes; and if we suppose B to 
tie on the south, and A on the north side of the ecliptic, 
and the direction of the planet's motion to be from 8 to 
A, N will be the ascending node, and the angle T 8N ihe 
longitude of the node. In like manner, if P be the place 
of the planet at any time, and if it and the perihelion A 
be projected on the echptic, upon the points^a, the angles 
t Sp, T Sa, will be the respective heliocentric longitudes 
ilf.Ue planet, and of the perihelion, the former of which 
ialo be determined, and the latter is one of the giveo 
elements. Lastly, the angle pSP is the heliocentric lati- 
tude of the planet, which is also required to be known. 

(426.) Now, the time being given, and also the mo- 
ment of the plioet's passing the perihelion, the interval, 
or the time of describing the portion AP of the orbit, ia 
given, and the periodical time, and the whole area of the 
ellipse being known, the law of proportionality of areas 
lo the limes of their description gives the magnitude of 
the area ASP. From this it is a problem of pure geo- 
metry to determine the corresponding angle ASP, which 
is called the planet's true anomaly. This problem is of 
the kind called trans cemjeatal, and has been resolved by 
a great variety of promises, some more, some less in 
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tricate. It offers, however, no peculiar difficulty, and is 
practically resolved with great facility by the help of 
tables constructed for the purpose, adapted to the case of 
each particular planet.* 

(429.) The true anomaly thus obtained, the planet's 
angular distance from the node, or the angle NSP, is to 
be found. Now, the longitudes of the perihelion and 
node being respectively V a and V N, which are given, 
their difference aN is also given, and the angle N of the 
spherical right^ngled triangle ANa, being the inclina- 
ticm of the plane of the orbit to the ecliptic, is known. 
Henee we calculate the arc NA, or the angle NSA, 
which, added to ASP, gives the angle NSP required. 
And from this, regarded as the measure of the arc NP, 
fopming the hypothenuse of the right-angled spherical 
triangle PNp, whose angle N, as before, is known, it 
is easy to obtain the other two sides, Njt? and Pp. The 
latter, being the measure of the angle />SP, expresses 
the planet's heliocentric latitude ; the u>rmer measures 
tilie angle NSp, or the planet's distance in longitude 
from its node, which, added to the known angle ^ SN, 
the longitude of the node, gives the heliocentric longitude. 
This process, however circuitous it may appear, when 
once well understood, may be gone through numerically, 
by the aid of the usual logarithmic and trigonometrical 
tables, in little more time than it will have taken the 
reader to peruse its description. 

(430.) The geocentric differs from the heliocentric 
place of a planet by reason of that parallactic change of 
apparent situation which arises from the earth's motion 
in its orbit. Were the pl^ets' distance as vast as those 

* It will readily be understood, that, except in the case of uniform cir- 
<»ilar motion, an equaUe description ik areas about any centre is incom- 
patible with an equable description of an^2e«. The object of the problem 
m die text is to pass from the area, supposed known, to the angle, sup* 
pooed unknown : in other words, to denve the true amount of^angular 
motion from the perihelion, or the true anomaly from what is technically 
called the mean anomaly, that is, the mean angular motion which would 
have been performed had the motion in angle lieen uniform instead of 
the motion in area. It happens, fortunately, that this is the simplest of 
all problems of the transcendental kind, and can be resolved, in the 
most difficult case, by the rule of" false position," or trial and error, in a 
very few minutes. Nay, it may even be resolved instantly on inspec- 
tion by a simple and easily constructed p^ece of mechanism, of which the 
reader may see a description in the Cambridge .Philosophical Transac 
tions, vol. IV. p. 425, by the nutlior of this work. 
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of the etan, Ihe earth's orbilual molion woukl be tnseii'- 
■ible when viewmi from iliem, and they would always 
appear to na hold the same relative aituations among the 
bed Btan, aa if viewed from the auo, i. e. they wouJd 
then be aeen in Dieir heliocentric plaeea. The differ- 
eaee, then, between the heliocentric and geocentric 
places of a planet is, in fact, ihe same thing with ita pa- " 
raUax ariaing fiom the earth's removal from the c«ntre 
of the system and its annual motion. It follows from 
ibis, that the first step towards a knowledge of ita 
amotmt, and the consequent determination of the ap- 
parent place of esch planet, as referred from the earth to 
the sphere oi the fised stats, must be to ascertain the 
proportion of its linear distances from the earth and 
from the snn, as compared with the earth's distance from 
the aun, and the angidar positions of all three with re- 
spect to eacli other. 

(431.) Suppose, ilierefore, S to represent the snn, E 
the earth, and F the planet ; S T the line of equiDOxes, 

V E the earth's orbit, and Pp a perpendicular let lall 
Irom the plaiiet on the ecliptic. Then will the angje 
SPE (according to the general notion of parallax cart- 
veyed in art. 60) represent the parallax of the planet 

arising from the change of sta- 
tion from S to E, EP wiU be 
the apparent direction of the 
Wp planet seen from E ; and if SQ 
be drawn parallel to Ep, the 
angle IP SQ will be the geo- 
1^ centric longitude of the planet, 

while V SE represents the heliocentric longitude of the 
earth, and If Sp that of the planet. The former of 
these, V SE, is given by the solar tables ; the latter, 

V Bp is found by tlie process above described (arU 429). 
Moreover, SP is the radius vector of the planet's orbit, 
and SE that of the earth's, both of which are determined 
from the known dimensions of their respective eUipsea, 
and the places of the bodies in them at the assigned time. 
Lastly, the angle VSp is the planet's heliocentric lati- 
lude. 

(432.) Our objoct, thro, is, from all these data, to de- 
termine the ande T SQ and PEp, which Is the geocen- 
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trie latitude. The process, then, will stand as follows : 
1st, In the triangle SFp, right-angled at P, given SP, 
and the angle F8p (the planet's radius vector and helio- 
centric latitude,) find Sj9, and Fp ; 2dly, In the triangle 
SE/>, given Sp (just found), SE (the earth's radius 
vector), and Ae angle ESp (the difference of heliocen- 
tric longitudes of the earth and planet), find the angle 
Sj9E, and the side Ep. The former being equal to the 
alternate angle pSQ, is the parallactic removal of the 
planet in longitude, which, added to T Sp, gives its helio- 
centric longitude. The latter, Ep (which is called the 
curtate distance of the planet from &e earth), gives at 
once the geocentric latitude, by means of the right-angled 
triangle PEj9, of which "Ep and Pp are known sides, 
and the angle PEjo is the longitude sought. 

(433.^ The calculations required for these purposes 
are notning but the most ordinary processes of plane 
trigonometry ; and, though somewhat tedious, are nei- 
ther intricate nor difficult. When executed, however, 
they afford us the means of comparing the places of 
the planets actually observed with the elliptic theory, 
with the utmost exactness, and thus putting it to the se- 
verest trial ; and it is upon the testimony of such compu- 
tations, so brought into comparison with observed facts, 
that we declare that theory to be a true representation of 
nature. 

^434.) The planets Mercury, Venus, Mars, Jupiter, 
ana Saturn, have been known from the earliest ages in 
which astronomy has been cultivated. Uranus was dis- 
covered by Sir W. Herschel in 1781, March 13, in the 
course of a review of the heavens, in which every star 
visible in a telescopic of a certain power was brought 
tinder close examination, when the new planet was im- 
mediately detected by its disc,^ under a high magnifying 
power. It has since been ascertained to have been ob- 
served on many previous occasions, with telescopes of 
insufficient power to show its disc, and even entered in 
catalogues as a star; and some of the observations which 
have been so recorded have been used to improve and 
extend our knowledge of its orbit. The discovery of the 
ultra-zodiacal planets dates from the first day of* 1801, 
when Ceres was discovered by Piazzi, at Palermo ; a 
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discovery speedily followed by ihose of Juno by Pro- 
fessor Harding, of GOttingeii ; and of I'ulius aud Yeata, 
by Dr. Olbers, of Bremea. Il is eitremGly remarkable 
that this importanl addition lo our system had beea in 
some sort surmised as a thing not unlikely, on the ground 
tltat the intervals between the planetary orbits go on 
doubling as we recede front the sun, or nearly so. Thusi 
tiie interval between the orbits of tlie earth and Venus is 
nearly twice that between those of Venus and Mercury ; 
that between the orbits'of Mars and the earth neany 
twice that between the earth and Venus ; and so on. 
Tbe interval between the orbits of Jupiter and. MaiB, 
however, is too great, and would form an esception to 
this law, which is, however, again resumed in the cmv 
of (he tliree remoter planets. Il was, therefore, thrown 
out, by the late Professor Bode of Berlin, as apoHeible 
surmise, that a planet might exist between Afars and 
Jupiter ; and it may easily be imagined what was the as- 
tonishment of astronomers to find four, revolving in orbits 
tolerably well corresponding with the law in question- 
No account, ajDrieri, or from theory, can be given of this 
singular progression, wliich is not, like Kepler's laws, 
strictly exact in its numerical verification ; but tlie cir- 
cumstances we have just mentioned lead to a strong be- 
lief lliatit is something beyond a mere accidental' coinoi- 
dejice, and belongs to the essential structure of the 
system. It has been conjecEufcd tjiat the ultra-z^iacal 
I^anets are fragments of some greater planet, which 
iormerly circulated in that interval, but has been blown 
to atD[Us by an explosion ; and that more such fragments 
exist, and may be hereafter discovered. This may 
serve as a specimen of the dreams in which astronomers, 
like other speculaiots, ccaaionally and harmlessly indulge. 
(435.) We shall devote the rest of this chapter to an 
account of the physical peculiarities and probable condi- 
tiuu of the several planets, so far as the formerave known 
by observation, or t!ie latter rest on probable grounds of 
conjecture. In diis, three features principally strike lis, 
■aa necessarily productive of extcauraiuary diversity in the 
provisions by whicb, if they be, like our eartli, inhabited, 
animal life must be supported. There are, first, the dif- 
ference in IJieir respoeiive siippliss of light and heat from 
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the sun ; secondly, the difference in the intensities of the 
gravitating forces which must subsist at their surfaces, or 
8ie different ratios which, on their several globes, the 
inertise of bodies must bear to their weights ; and, third- 
ly, the difference in the nature of the materials of which, 
from what we know of their mean density, we have 
every reason to believe they consist. The intensity of 
solar radiation is nearly seven times greater on Mercury 
than on the earth, and on Uranus 330 times less ; the 
proportion between the two extremes being that of 
upwards of 2000 to one. Let any one figure to himself 
the condition of our globe, were the sun to be septupled, 
to say nothing of the greater ratio ! or were it diminished 
to a seventh, or to a 300th of its actual power ! Again, 
the intensity of gravity, or its efficacy in counteracting 
muscular power and repressing animal activity on Jupiter 
is nearly three times that on the Earth, on Mars not more 
than one third, on the Moon one sixth, and on the four 
smaller planets probably not more than one twentieth ; 
giving a scale of which the extremes are in the proportion 
of sixty to one. Lastly, the density of Saturn hardly 
exceeds one eighth of the mean density of the earth, so 
that it must consist of materials not much heavier than 
cork. Now, under the various combinations of elements 
so important to life as these, what immense diversity 
must we not admit in the conditions of that great problem, 
the maintenance of animal and intellectual existence and 
happiness, which seems, so far as we can judge by what 
we see around us in our own planet, and by the way in 
which every corner of it is crowded with living beings, to 
form an unceasing and worthy object for the exercise of 
the Benevolence and Wisdom which presides over all ! 

(436.) Quitting, howeveir, the region of mere specula- 
tion, we will now show what information the telescope 
affords us of the actual condition of the several planets 
within its reach. Of Mercury we can see little more than 
that it is round, and exhibits phases. It is too small, 
and too much lost in the constant neighbourhood pf the 
Sun, to allow us to make out more of its nature. The 
real diameter of Mercury is about 3200 miles : its appa- 
rent diameter varies from 5" to 12". Nor does Venus 
offer any remarkable peculiarities : although its real dia- 

Y 
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meter is 7800 miles, and although it occaaionally altaina 
the considerable apparent diameter of 61", which ia 
larger than that of any other planet, it is yet the most dif- 
ficult of them all to define with telescopes. The intense 
lustre df iw illuminated part dazzles the eight, and exag- 
gerates every imperfection of the telescope ; yet we sen 
clearly that its surface is not mottled over with permaneih 
spots like the moon ; we perceive in it neither mountains 
uor shadows, but a uniform brightness, in which some- 
limes we may, indeed, fancy obscurer portions, but caii 
seldom or never rest fully satisfied of the faut. It is from 
some observations of this kind that both Venus and Mer- 
cury have been concluded to revolve on their ases in 
about the same time as the Earth. The most natural 
conclusion, from the very rare appearance and want of 
permanence in the spots, is, that we do not see, as in the 
Moon, the real surface of these planets, but only their 
atmospheres, much loaded with clouds, and which may 
seri'e to mitigate the otherwise intense glare of their sun- 
shine. 

(437.) The case is very different with Mars. In thia 
planet we discern, with perfect distinciness, the outlines 
of what may he continents and seas. (See plate I. fig. 
I, which represents Mars in its gibbous state, as seen on 
the I6th of August,1830,in the 20-feet reflector at Slough.) 
Of these, the former are distinguised by that ruddy colour 
which characterizes the light of this planet (which always 
appears red and fiery), and indicates, no doubt, an ochrey 
tinge in the general soil, like what the red sandstone dis- 
tricts on the Earth may possibly offer to the inhabitants 
of Mars, only more decided. Contrasted with this (by 
a general law in optics), the seas, as we may call them, 
appear greenish.* These spots, however, are not always 
to be seen equally distinct, though, uihen seen, ihey offer 
always the same appearance. This may arise from the pla- 
net not being entirely destitute of atmosphere and clouds ;t 
and what adds greatly to tlie probability of thia ia the ap- 
pearanfoofbrillMmtwIiilc spots at ils polos, — one of which 

*I have noticed the phenomeiiB desffiibed in Ihe loit on many occs- 
■ions, bul never more distinct than on the occaeioD when Ihe dnwing 
wai made from which th« lieure in p!ii« I. u engraved. — Avihrr. 

t It hsfl btwn BUimiBed to nave a ver ' ' ' 

■uffiGiciii or evon plaiwible grnondi 
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appears in our figure, — which have been conjectured with 
a great deal of probability to be snow ; as they disappear 
when they have been long exposed to the sun, and are great- 
est when just emerging from the long night of theix polar 
winter. By watching the spots during a whole night, 
and on successive nights, it is found that Mars has a ro- 
tation on ftn axis inclined a.bout 30° 18' to the jecliptic, 
and in a period of 24^ 39™ 21* in the same direction as the 
earth's, or from west to east. The greatest and least appa- 
rent diameters of Mars are 4" and 18", and its real dia- 
meter about 4100 miles. 

(438.) We come now to a much more magnificent pla- 
net, Jupiter, the largest of then! all, being in diameter no 
less than 87,000 miles, and in bulk exceeding that of the 
Earth nearly 1300 times. It is, moreover, dignified by 
the attendance of four moonsy satellites^ pr secondary 
planets, as they are called, which constantly accompany 
and revolve about it, as the moon does round the earth, 
and in the same direction, forming with their principal, 
or primary f a beautiful miniature system, entirely analo- 
gous to that greater one of which their central body is 
itself a member, obeying the same laws, and exemplifying, 
in the most striking and instructive manner, the preva- 
lence of the gravitating power as the ruling principle of 
their motions : of these, however, we shall speak more 
at targe in the next chapter. 

(4^.) The disc of Jupiter is always observed to be 
crossed in one certain direction by dark bands or belts, 
presenting the appearance in plate I.^g. 2, which repre- 
sents this planet as seen on the 23d of September, 1832, 
in the 20-feet reflector at Slough. These belts are, how- 
ever, by no means alike at all times ; they vary in breadth 
and in situation on the disc (though never in their general 
direction). They have, even been seen broken up, and 
distributed over the whole face of the planet : but this 
phenomenon is extremely rare. Branches running out 
from them, and subdivisions, as represented in the figure, 
as well as evident dark spots, like strings of clouds, are 
by no means uncommon; and from these^ attentively 
watched, it is concluded that this planet revolves iu the 
surprisingly short period of O** 55" 50* (sid time), on an 
axis perpendicular to the direction of the belts. Now, it 
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is very remarkable, and forms a niosl satisfactory com- 
ment on the reasoning by whicli the spheroidal figure of 
the earth has been deduced from ii« diurpal rola.tion, that 
Ihe outline of Jupiter's disc is evidently not circular, but 
elliptic, being considerably flattened in the direction of ita 
asis of rotation. This appearance is no optical illuaion, 
but is authenticated by micro metrical measures, which 
assign tm to 100 for the proportion of Ihe equatorial aad 
polar diameters. And to confirm, in the strongest maa- 
ner, the truth of those principles on which our former 
conclusions have been founded, and fully to authorize 
their extension to this remote system, it appears, on calcu- 
lation, that this is really the degree of oblateueas which 
corresponds, on those principles, to the dimensions of Ju- 
piter, and to the time of his rotation, 

(4-10.) The parallelism of the belts to the equator ot 
Jupiter, their occasional variations, and tlie appearances 
»f spots seen upon them, render it extremely probable 
that they subsist in the atmosphere of the planet, forming 
tracts of comparatively clear sky, determined by currents 
analogous to our trade-winds, but of a much more steady 
and decided character, as might indeed be expected irom 
the immense velocity of its rotation. That it is the 
comparatively darker body of the planet which appears 
in the belts is evident from this, — that they do not come 
up in aU their strength to the edge of the disc, but fade 
away gradually before they reach it. {See plate I. 
Jig. 3.) The apparent diameter of Jupiter varies from 
30" to 46". 

(441.) A still more wonderful, and, as it may be 
termed, elaborately arti&cial mechanism, is displayed in 
Saturn, the next in order of remoteness to Jupiter, to which 
it is not much inferior in magnitude, being about 79,000 
miles in diameter, nearly 1000 times exceeding the earth 
in bulk, and subtending an apparent angular diameter at 
the earth, of about 16". Tliis stupendous globe, be- 
sides being attended by no less than seven satellites or 
moons, is surrounded with two broad, flat, extremely 
thin rings, concentric with the planet and with each 
other; both lying in one plane, and separated by a very 
narrow interval from each other throughout their whole 
circumference, na they are from the planet hy a much 
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wider. The dimensions of this extraordinary appendage 
are as follows :* — 

Miles 

Exterior diameter of extenor ring = 176418. 

Interior ditto = 155272. 

Exterior diameter of interior ring = 151690. 

Interior ditto = 117339 

Equatorial diameter of the body. = 79160. 

Interval between the planet ana interior ring = 19090. 

Interval of the rin^ = 1791. 

Tliickness of the rings not exceeding =s 100. 

The figure {fig* 3, plate I.) represents Saturn surrounded 
by its rings, and having its body striped with dark belts, 
somewhat similar, but broader and less strongly marked 
than those of Jupiter, and owing, doubtless, to a similar 
cause. That the ring is a solid opake substance is shown 
by its throwing its shadow on the body of the planet, 
on the side nearest the sun, and on the other side re- 
ceiving that of the body, as shown in the figure. From 
the parallelism of the belts with the plane of the ring, 
it may be conjectured that the axis of rotation of the 
planet is perpendicular to that plane ; and this conjec- 
ture is confirmed by the occasional appearance of ex- 
tensive dusky spots on its surface, which when watched, 
like the spots on Mars or Jupiter, indicate a rotation in 
10"* 29" 17' about an axis so situated. 

(442.) The axis of rotation, like that of the earth, 
preserves its parallelism to itself during the motion of 
the planet in its orbit ; and the same is also the case 
with the ring, whose plane is constantly inclined at the 
same, or very nearly the same, angle to that of the orbit, 
and, therefore to the ecliptic, viz. 28° 40' ; and intersects 
the latter plane in a line, which makes an angle with the 
line of equinoxes of 170**. So that the nodes of the 
ring lie in 170° and 350° of longitude. Whenever, then, 
iae planet happens to be situated in one or other of these 
longitudes, as at AB, the plane of the ring passes through 
the sun, which then illuminates only the edge of it ; 
and as, at the same moment, owing to the smallness of 
the earth's orbit, E, compared with that of Saturn, the 

* These dimensions are calculated from Prof. Struve's micrometric 
measures, Mem. Ast. Soc. iii. 301, with the exception of the thickness of 
the ring, which is concluded from my own observations, during lis gm< 
dual extinction now in progress. The interval of the rings h^re stated 
is possibly somewhat too sroalL 
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earih is necessarily nut Air out of that plane, anil must, 
at ali events, pass through it a little before or after ihat 
moment, it only then appears to us a very fine straight 
line, drawn across ihs disc, and projecllng out on each 
BicJe — indeed, so very thin is the ring, as lo be quite in- 
visible, in this situation, to any but lelcscopes of extra- 
ordiaary power. This remarkable phenomenon takes 
place at intervals of 15 years, but the disappearance of 
the ring is generally double, the earlh passing Iwice 
through its plane before it is carried past our orbit by 
the alow motion of Saturn. This second disappearance 
is now la progress,' As the planet, however, recedes 
from these points of its orbit, the line of sight becomes 
graduaUy more and more inclined to the plane of the 
ring, which, according lo (he laws of perspective, ap- 
pears to open out into aii ellipse which attains its greatest 
breadth when the planet is 90° from either node, as at 
CD. Supposing the upper part of the figure lo be north, 
and the lower south of tbe ecliptic, the north side only 
of the ring will be seen when tlie planet lies in the 
semicirele ACB, and the southern only when in ADB. 
At the time of the greatest opening, the longer diameter 
is almost exactly double the shorter. 

(443. J It will naturally be asked hoiv so slupendona 
an arch, if composed of solid and ponderous materials, 
can he sustained without collapsing and falling in upon 
the planet? The answer to this is to be fouiHl m a swift 
rotation of the ring in its own plane, which observation 
has detected, owing to some portions of the ring being 
a little less bright than others, and assigned its period at 
10'' 39" 17", which, from what we know of its dimea- 
sions, and of the foree of gravity in the Saturnian sys- 
tem, is very nearly the periodic time of a satellite re- 
volving at die same distance as the middle of its breadth. 
It is the centrifugal force, then, arising from this rotation, 
which sustains it ; and, although no observation nice 
enough to exhibit a difference of periods between tha 
outer and inner rings have hitherto been m_ade, it is more 
than probable that such a difference does subsist as to 

* The duappeannne of the riiigii is complete, when obierved nith ■ 
reflector eiEhUsen inchei in aperture, and twenlf teet Ih GksI loD|pk 
April 29, 1&3— Author. 
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place each independently of the other in a similar state 
j^ equilibriam. 

(444.) Although the rings are, as we ha»e said, very 
nearly concentric with the body of Saturn, yet' recent 
micrometrical measurements of extreme delicacy have 
demonstrated that the coincidence is not mathematically 
exact, but that the centre of gravity of the rings oscillates 
round that of the body describing a very minute orbit, 
probably under liws of much complexity. Trifling as 
this remark may appear, it is of the utmost imj^rtance 
to the stability of the system of the rings. Supposing 
them mathematically perfect in their circular form, and 
exactly concentric with the planet, it is demonstrable 
that they would form (in spite of their centrifugal force) 
a system in a state of unstable eqidlihrium, which the 
slightest jBxternal power would subvert — not by causing a 
rupture in the substance of the rings — but by precipita- 
ting them, unbroken, on the surface of the planet. For 
the attraction of such a ring or rings on a point or sphere 
eccentrically situate within them, is not the same in all 
directions, but tends to dra^^ the point or sphere towards 
the nearest part of .the ring, or away from the centre. 
Hence, supposing the body to become, from any cause, 
ever so little eccentric to the ring, the tendency of their 
mutual gravity is, not to correct but to increase this ec- 
centricity, and to bring the nearest parts of them toge- 
ther. (See chap. XI.) Now, external powers, capable 
of producing such eccentricity, exist in the attractions 
of the satellites, as will be shown in chap. XI. ; and in 
order that the system may be stable, and possess within 
itself a power of resisting the first inroads of such a ten- 
dency, while yet nascent an^' ^jeble, and opposing them 
by an opposite or maintaining power, it has been shown 
that it is sufficient to admit the rings to be loaded in some 
part of their circumference, either by some minute in- 
equality of thickness, or by some portions being denser 
than others. Such a load would give to the whole ring 
to which it was attached somewhat of the character of a 
heavy and sluggish satellite, maintaining itself in an 
crbit with a certain energy sufficient to overcome minute 
causes of disturbance and establish an average bearing 
.on its centre. But even without supposing the existence 
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of any such load,— of which, after all, we have •&• 
proof, — and granting, therefore, in ita full extent, ffljl 
gener^-inHkbility of the equilibrium, we tliink we per- 
ceive, in the periodicity of all the causes of disturbance, 
a sufficient guarantee of its preservation. However 
homely be the illustration, we can conceive nothing mon 
apt in every way to give a general conception of thBi 
maintenance of equilibrium under a constant leadency- 
to subfetaion, than the moile in which a practised haaA 
will sustain a long pole in a perpendicular position TMrt- 
ing on the iinger by a conlinual and almost imperceptible 
variation of the point of support. Be that, however, as 
it may, the observed oseiilation of the centres of the rinn 
about that of the planet is in itself the evidence or » 
perpetual contest between conservative and destrutSivfe 
powers — ^both extremely fi-oblfi, but ao antagonizing otM 
another as to prevent thi' l:iiter from ever acquiring aii 
uncontrollable ascendanry, and rushing to a catastrophe. 

(445.) This is also the place to observe, that, as the 
smallest difference of velocity between the body and ring* 
must infallibly precipitate tite latter on the former, never 
more to separate (for Ihey would, once in contact, have 
attained a position of stable eiiitiUbrium, and be lield to- 
gether ever after by an immense force): it follows, either 
tjiat their motions in Ibcir common orbit round the sun 
must have been adjusted to each other by an external 
power, with the minutest precision, or that the rings must 
have been formed about llie planet while subject to their 
common orbitual motion, and under the full and free in- 
fluence of all the acting forces. 

(446.) The rings of Saturn must present a magnificent 
spectacle from those regions of the planet which lie abof^ 
iheir enlightened sides, as vast arches spanning the sky 
from horizon to horizon, and holding an invariable situa- 
tion among the stars. On the other hand, in the regions 
beneath the dark side, a solar eclipse of fifteen years in 
duration, under their shadow, must afford (to our ideas) 
an inhospitable asylum to animated beings, ill compen- 
sated by the faint light of the satellites. But we shall do 
wrong to judge of the fitness or unfitness of their con- 
dition from what we see around us, when,' perhaps, the 
very combinations which convey to our minds only im- 
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Mges of horror, may be in reality theatres of the most 
Imking and glorious displays of beneficent contrivance. 
'{447.) Of Uranus we see nothing but a 8Mall#jround, 
uniformly illuminatepL disc, without rings, belts, or dis- 
eernible spots. Its apparent diameter is about 4'', from 
which it never varies much, owing to the smaUness of 
our orbit in comparison of its own. Its real diameter is 
about 35,000 miles, and its bulk 80 times that of the 
earth. It is attended by satellites — two at least, piobably 
five or six — whose orbits (as will be seen in the next 
chapter) offer remarkable peculiarities. 

^448.) If the immense distance of Uranus precludes 
all hope of coming at much knowledge of its physical 
state, the minuteness of the four ultra-zodiacal planets 
is no less a bar to any inquiry into theirs. One of them, 
Pallas, is said to have somewhat of a nebulous or hazy 
appearance, indicative of an extensive and vaporous at- 
mosphere, little repressed and condensed by flie inade- 
quate gravity of so small a mass. No doubt the most 
lemarkable of their peculiarities must lie in this condi- 
tion of their state. A man placed on one of them would 
spring jirith ease 60 feet high, and sustain no greater 
shock in his descent that he does on the earth from leap- 
ing a yard. On such planets giants might exist ; and 
those enormous animals, which on earth require the buoy- 
ant power of water to counteract their weight, might 
there be denizens of the land. But of such speculation 
there is no end. 

(449.) We shall close this chapter with an illustration 
calculated to convey to the minds of our readers a gene- 
ral impression of the relative magnitudes and distances 
gf the parts of our system. Choose any well levelled 
field or bowling green. On it place a globe, two feet in 
diameter ; this will represent the Sun ; Mercury will be 
represented by a grain of mustard seed, on the circum- 
ference of a circle 164 feet in diameter for its orbit ; 
Venus a pea, on a circle 284 feet in diameter ; the Earth 
also a pea, on a circle of 430 feet ; Mars a rather large 
pin's head, on a circle of 654 feet ; Juno, Ceres, Vesta, 
and Pallas, grains of sand, in orbits of from 1000 to 1200 
feet ; Jupiter a moderate-sized orange, in a circle nearly 
half a mile across ; Saturn a small orange, on a circle of 
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fouT-fifllia of a mile ; and 0rnnus a full-3tzed rherivf tor 
smalt plum, npon Ihe circumference of a circle moreBiaa 
a mile ariJ a half in diameter. Aa to getting correct no- 
lions on this subject by drawing cirdea on paper, or, 
Blill worse, from tllMe nty childisli toys called orreries, 
it is out of llie qnestion. To iiuilate the motions of the 
planets, in the above-mentioned orbits, Mercury must 
describe ita own diameter in 41 seconds ; Venus, in 4" 
14'; ihe earfli, in 7 minutes ; Mars, in 4° 48"; Jupiter, 
in2''56''; Saturn, in 3*" 13"; and Uranus, in 2" 16°. 
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Ofttie M9on.BiDSaiellite of the Earlh— General Proirmiif of Sutellitn 
Lo ibeir PrimBiiei4| aud cojiacqucnt Suburdinalion of iheir MoiioiiS' — 
MassMof IhePrinmrifMCojivludrcI from Ihc Periods of Ihoir Satellites 
—Maintenance i^ Kepter'a Iawc in Ihe BecondnTV Systems— Of Jdki 
ler-sSatelliies— Tlieir Eclipse*, 4c— Velocity of tight dlsmvemlij 
ihtir Menna— Satellilei of Solum— Of Uninua. 

(450.) In the aimual circuit of the earth about the snn, 
it is eonslanlly attended by it.i satellite the moon, which 
revolves round it, or lather both round their common 
centre of gravity ; wbSe this ceiiire, strictly speaking, 
and not either of the tw*bodies thus connected, movea 
in an elliptic orbit, undiaturbed by their mutual action, 
just as the centre of gravity of a large and amaO stone 
tied together and flung into the air describes a parabola 
as if it were a real malerial subslanec under ihe earth'a 
attraction, while the stones circulate round it or round 
each other, aa we choose to conceive the matter. 

(451.) If we trace, therefore, the real curve actually 
tlescribed by either the moon's or the earth'a centrea, in 
virtue of this compound motion, it will appear to be, not 
an exact ellipse, but an undulated curve, like that repre- 
sented in the figure to article S72, only that the number 
of undulations in a whole revolution is but 13, and their 
actual deviation from the general ellipse, which serves 
them as acentralline.iseoniparatively very much smaller; 
eo much so, indeed, thai every part of the curve described 



.* 



!> 



^ 



CUAP. IX.3 OF THE SATELLITES. 273 

by cither the earth or moon is concave towards the sun. 
Tl|l>' excursions of the earth on either side of the ellipse, 
indeed, are so very small as to be hardly appreciable. In 
fact, the centre of gravity of the earth and moon lies al- 
ways within the surface of the earth, so that the monthly 
orbit described by the earth's centre about the common 
centre of gravity is comprehended within a space less 
than the size of the earth itself. The effect is, neverthe 
less, sensible, in producing an apparent monthly dis- 
placement of the sun in longitude, of a parallactic kind, 
which is called the menstrual equation ; whose greatest 
amount is, however, less than the sun's horizontal paral 
lax, or than 8*6". 

(452.) The moon, as we have seen, is about 60 radii 
of the earth distant from the centre of the latter. Its 
proximity, therefore, to its centre of attraction, thus esti- 
ttiated, is much greater than that of the planets to tho 
i^p ; of which. Mercury, the nearest, is 84, and Uranus 
2026 solar radii from its centre. It is owing to this prox- 
imity that the moon remains attached to the earth as a 
sateUite. Were it much farther, the feebleness of its 
gravity towards the earth would be inadequate to produ(*e 
that alternate acceleration and retardation in its motion 
about the sun, which divests it of the character of an in- 
dependent planet, and keeps ita movements subordinate 
to those of the earth. The oi^e would outrun, or be left 
behind the other, in their revolutions round the sun (by 
reason of Kepler's third law), according to the relative 
dimensions of their heliocentric orbits, after which the 
whole influence of the earth would be confined to pro- 
ducing some considerable periodical disturbance in the 
mooa s motion, as it passed or was passed by it in each 
sjnodicd revolution. 

(453.) At the distance at which the moon really is 
from, us, its gravity towards the earth is actually less than 
towards the sun. That this is the case, appears sufTi- 
ciently from what we have already stated, that the moon's 
reed path, even when between the earth and sun, is con- 
cave towdrds the latter. But it will appear still more 
clearly if, from the known periodic times ^ in which tlie 
.* K.and r radii of two orbits (supposed circular), P and p the periodic 

brBM; then the arcs in question (A and a) are to ea«h other as „ to • 
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earth completes ils annual and the moon ila monthly ot^h, 
and from the dimensions of those orbits, we calculate tl)e 
amount of deflectioa, in either, from their tangents, ia 
equal very minute portions of lime, as one second. 
These are the versed sines of the arcs described in that 
time in the two orbits, and these are the measures of the 
acting forces which produce these deflections. If we 
execute the numericnl calculation in the case before us, 
we shall find 2'30d : 1 for ^e proportion in wliich the 
intensity of the force which retains the earth in its orbit 
round tlie suu acluidly exceeds that by which tlie moon 
is retained in ils orbit about the earth. 

■(454.) Now tlie sun is 400 times more remote from 
the earth than the raooa is. And, as gravity increases aa 
tne •quares of the distances decrease, it must follow that, 
at equal distances, the intensity of solar would exceei^ 
that of terrestrial gravity in the above proportion, uw*^ 
mented in the farmer ratio of the square of 400 to 1 ; 
that is, in (he proportion of 354936 to 1 ; and therefore, 
if we grant that the intensity of the gra ng n gy is 
commensurate with the mass or ine o h ting 

body, we are compelled to admit th nas arth 

to be no more than 354^35 of 'hat of h un 

(455.) The argunient ia, in fact, n h ng m h n a 
recapitulation of what has been addu d n p Vtl. 
(art. 390.) But jl is here re-introduc d nod how 

now (he mass of a planet which is attended by one or 
more satellites can be as it were weighed against the sun, 
provided we have learned from observation the dimen- 
sions of the orbits described by the planet about the sim, 
and by the satellites about the planet, and also the peAmM, 
ID which these orhita are respectively deqcribfl^*;^' )> flL 
by this method that the masses of Jupiter, SatnrA, wuS^ 
Uranus have been ascertained. (See Synoptic TaMo.) 

(456.) Jupiter, as already slated, is attended by fom^ 
satellites, Saturn by seven; and Uranus certainly by twq, 
and perhaps by six. These, with their respective pri- 
maries (as the central planets are called), form in each 

uid liiice Iho versed sinrs aro a» the oqunres of tiiearca dirscily and Qia 
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€806 miniature systems, entirely analogous, in the ge- 
neral laws by which their motions are governed, to the 
great system in which the sun acts the part of the pri- 
mary, and the planets of its satellites, tn each of these 
systems the laws of Kepler are obeyed, in ^e sense, 
that is to say, in which they are obeyed in the planetary 
system — approximately, and without prejudice to the 
effects of mutual perturbation, of extraneous interferencoy 
if any, and of that small but not imperceptible correction 
which arises from the elliptic form of the central body. 
Their orbits are circles or ellipses of very moderate ec- 
centricity, the primary occupying one focus. About this 
they describe areas very nearly proportional to the times ; 
and the squares of the periodical times of all the satellilei 
belonging to each planet are in proportion to each.49th^ 
as the cubes of their distances. The tables at tfaie end 
of the volume exhibit a synoptic view of the diatyn^^gg 
and periods in these several systems, so far as they are 
at present known ; and to all of them it will be observed 
that the same remark respecting their proximity to their 
primaries holds good, as in the case of the moon, with a 
similar reason for such close connexion. 

(457.) Of these systems, however, the only one 
which has been studied wiUi great attention is that of 
Jupiter; partly on account of the conspicuous brilliancy 
of its four attendants, which are large enough to offer 
visible and measurable discs in telescopes of great pow- 
er; but more for the sake of their eclipses, which, as 
they happen very frequently, and are easily observed, 
afford signals of considerable use for the determination 
of terrestrial longitudes (art. 218). This method, in- 
deed, until thrown into ihe back ground by the greater 
fiudlity and exactness now attainable by lunar observa- 
tions (art 219), was the best, or rather the only one 
which could be relied on for great distances and long in- 
tervals. 

(458.) The satellites of Jupiter revolve from west to 
east (following the analogy of the planets and moon), in 
planes very nearly, although not exactly, coincident witli 
that of the equator of the planet, or parallel to. its belts. 
This latter plane is inclined 3"" 5' 30'' to the orbit of the 
planet, and is therefore but little different from the plane 
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oT the ecliptic. Accordingly, we see tlieir orbiia pro- 
jected very nearly into straight lineB, in which Ihey ap- 
pear to oscillate to and fro, sometimes passing before 
Jupiter, and casting' shadows on his disc (which are 
very visible in good telescopes, like small round ink 
spots), and sometimes disappearing behind the iwdy, or 
being eclipsed in ila shadow at a distunce from it. It is 
by these eclipses that we are furnished with accurate 
data for the eonalruction of tablM of the satellites' mo- 
tions, as well as witli signals for determining difierences 
of longitude, 

(459.) The eclipses of the satellites, in their general 
conception, are perfectly analogous to those of the moon, 
bnl in their detail they differ in several particulars. 
Owing to the much greater distance of Jupiter from the 
Gun, and its greater magnitude, the cone of its shadow or 
umbra (art. 355} is greatly more elongated, and of far 
greater dimension, than that of the earth. The satel- 
lites are, moreoTer, much less in proportion to ilieii 
primary, their orbits less inclined to Us ecliptic, and oi 
f comparatively) smaller dimensions, llian la the case with 
the moon. Owing to these causes, the three interior 
salellites of Jupiter pass through the shadow, and are 
totally eclipsed, every revolution ; and the fourth, though, 
from the greater inclination of its orbit, it sometimes 
escapes eclipse, and Tnay occasionally graze as it were 
the border of the shadow, and suffer partial eclipse, yet 
this is comparatively rare, and, ordinarily speaking, its 
eclipses happen, like those of the rest, each revolution. 

(460.) These colipsee, moreover, are not seen, aa is 
the case with those of tlie moon, from the cenWe of their 
motion, but from a remote station, and one whose situa- 
tion with respect to tlie line of shadow is variable. 
This, of course, makes no difference in the times of the 
eclipses, but a very great one in their visibility, and in 
tlieir apparent situations with respect to the planet at the 
moment of their entering and quilting the shadow. 

(461.) Suppose S lo be the sun, E the earth in its 
orbit EFGK, J Jupiter, and at the orbit of one of ita 
satellites. The cone of the shadow, then, will 'have its 
vertex at X, a point far beyond tlie orbits of all the sa- 
tellites ; and the penumbra, owing to ihc great distance 
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of the sun, and the consequent smallnes? of the an|(le its '/ 
disc subtends at Jupiter, will hardly extend, within tbe 




sx 



limits of the 43atellite8' orbits, to any perceptible distance 
beyond the shadow, — im which reason it is not iepre» 
sented in the figure. A satellite revolving from ITMt 10 
east (in the direction of the arrows) will ba •elipeed 
when it enters the shadow at a, but not suddenly) be^ 
erase, like the ttoon, it has a considerable diameter seen 
tefli'tiw planet ; so that the time elapsing from the first 
pineeptible loss of light to its total extinction will be that 
which it occupies in describing about Jupiter an angle 
egual to its apparent diameter as seen from the centre 
of the planet, or rather somewhat more, by reason of the 
penumbra; and the same remark applies to its emer- 
gence at 6. Now, owing to the difference of telescopes 
and of eyes, it is not possible to assign the precise mo- 
ment of incipient obscuration, or of total extinction at a, 
nor that of the first glimpse of light falling on the satel- 
lite at bf or the complete recovery of its light. The ob- 
Mrmion of an eclipse, then, in which only the immer- 
sioOf or only the emersion, is seen, is incomplete, and 
inadequate to afford any precise information, dieoretical 
or practical. But, if both the immersion and emersion 
can be observed unth the same telescope^ and by the 
same person^ the interval of the times will give the du- 
ration, and their mean the exact middle of the eclipse, 
when the satellite is in the line SJX, u e. the true mo- 
ment of its opposition to the sun. Such observations, 
and such only, are of use for determining the periods and 
other particulars of the motions of the satellites, and for 
affording data of any material use for the calculation of 
terrestrial longitudes. The intervals of the <;clipses, it 



V.i^ I . ■ «i 



1 



tn A TREATISE OS A9TH0N0SrT. [cHAP. 

will be observeJ, give llie tynodic periods of the aatel 
tites' revolutions ; froin which their sdereal periods mual 
be concluded by the method in art. 353 (note). 

(402.) It is evident, from a mere inspection of our 
figure, that the eclipses take place lo the west of the 
planet, when the earth is situated to the west of the line 
SJ, 1. e. before the opposition of Jupiter ; and lo the 
east, when in the other half of its orbit, or after the op- 
position. When the earth approaches the opposition, the 
visual line becomes more and more nearly coincident 
with the direction of the shadow, and the apparent 
place where the eclipses happen will be continnaUy 
nearer and nearer lo the body of the planet When the 
earth comes to F, a point determined by drawing b¥ to 
toaoh-4he body of the planet, the emerBions will cease 
ta be visible, and will thenceforth, to an equal distance 
on' the other fide of the opposition, happen behind the 
disc of the planet. When the earth arrives at G (or H) 
the immersion (oi emersion) will happen at Uie \ety 
edge of the visible disc, and when between G and H (a 
very sm^ space) the satellites will pass imecUpsed Ac- 
hind the timb of the planet. 

(463.) When the satellite cornea to m, il« shadow will 
be thrown on Jupiter, and will appear to move across it 
as a black spot tiU tlie satellite comes to n. But the saiel-? 
lite itself will not appear to enter on the disc till it comes 
up to the line drawn from E to the eastern edge of the 
disc, and will not leave il till it attains a similar line 
drawn (o the western edge. It appears then that the 
shadow will precede the satellite in its progress over the 
disc be/ore the opposition, and vice versa. In these 
transits of the satellites, which, with very powerfid 
telescopes, may be observed with great precision, it fre* 
quently happens that the satellite itself is discernible on 
die disc as a bright spot if projected on a dark belt ; but 
occasionally also as a dark spot of smaller dimensions 
rtian the shadow. This curious fact (observed by Schroe- 
ter and Harding) has led to a conclusion that ceriam 
of the satellites have occasionally on their own bodies, 
or in their atmospheres, obscure spots of great extent. 
We say of great extent ; for the satellites of Jupiter, 
small as they appear to us, are really bodies of coo- 
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siderable size, as the following comparative table will 
show.* f 





Alflan apparent 
diameter. 


Diameter in 
miles. 


Maasf 


Jupiter 
lit satellite 

3d 

3d 

4th 


38"-327 
1105 
911 
1-488 
1-373 


87000 
8508 
3UG8 
3377 
2890 


10000000 
00000173 
0-0000232 
00000885 
00000427 



(464.) An extremely singular relation subsists be- 
tween the mean angular velocities or mean motions (as 
they aie termed) of the three first satellites of Jupiter. 
If the mean angular velocity of the first satellite be added 
to twice that of the third, tiiie sum will equal three times 
that of the second. From this relation It follows, that if 
from the mean longitude of the first added to twice that 
of the third, be subducted three times that of the second, 
the remainder will always be the same, or constant, and 
obiervation informs us that this constant is 180°, or two 
light angles ; so that, the situations of any two of them 
being given, that of the third may be found. It has been 
attempted to account for this remarkable fact, on the 
theory of gravity by their mutual action. One curious 
consequence is, that these three satellites cannot be all 
eclipsed at once ; for, in consequence of the last-men- 
tioned relation, when the second and third lie in the 
same direction from the centre, the first must lie on the 
opposite; and therefore, when the first is eclipsed, the 
other two must lie between the sun and planet, throwing 
its shadow on the disc, and vice versa. One instance only 
(so far as we are aware) is on record when Jupiter has 
been seen without satellites ; viz. by Molyneux, Nov. 
2 (old style), 1681.:|: 

(465.) The discovery of Jupiter's satellites by Galileo, 
one of the first-fruits of the invention of the telescope, 
forms one of the most memorable epochs ixK the history 
of astronomy. The first astronomical solution of the 
great problem of " the longitude^'* — the most important 
for the interests of mankind which has e?er been brought 
under the dominion of strict scientific principles, dates 

* Strove, Mem. Ast Soc. iii. 901. t Laplaoe, Mec. Cel. liv. viii. % 87. 

t Molyneux. Optics, p. 271. 
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immediatciy from iheir (iiscoverj-. Tho final and con- 
cftsive establishment of the Copemican system of as- 
tronomy may also he considered as referable to tlic dis- 
covery and study of lhi^j exquisite minature eyatem, in 
which the laws of the planetary motiona, ae ascertained 
by Kepler, and espedally that whieh connecls llieir 
periods and dislaaces, were speedily traced, and found 
to be satisfactorily maintained. And (as if to accumulate 
historical interest on this point) it is to the observation of 
their eclipses that wc owe the grand discovery of the 
aberration of light, aud the consequent determination of 
the enormous velocity oF that wonderful element. This 
we must explain now at large. 

(466.) The earth's orbit being eoneentrrc with that of 
Jupiter and interior to it (aeeji^. art. 460), their mutual 
distance is continually varying, the variation extending 
from the stem to the dij^ermre of the radii of the two 
orbits, and the difference of the greater and least dis- 
tances being equal to a diameter of the earth's orbit. 
Now, it was observed by Roemer (a Danish astronoiAar, 
in 1675), on comparing together ohsenations of eclipses 
of the satellites during many siiccessive years, thatlhe 
eclipses at and about the opposition of Jupiter (or its 
nearest point to the earth) took place loo soon — sooner, 
that is, than, by calculation from an average, he expected 
them ; whereas those which happened when the earth 
was in the pari of its orbit most remote from Jupiter 
were always too late. Connecting the observed error in 
their computed times wilh the variation of distance, he 
concluded, thai, to make the calculation on an average 
period correspond wilh fact, an allowance in respect of 
time behooved to be made proportional to the excess or 
detect of Jupiter's distance from the earth above or below 
its average amount, and such that a difference of distance 
of one diameter of the earth's orbit should correspond lo 
16" 28"-6 of time allowed. Speculating on the probable 
physical cause, be was naturally led to think of the 
gradual inalead^of an instantaneous propagation of light. 
This explained every particular of the observed phe- 
nomenon, but the velocity required (198000 miles per 
second) was so great as to startle many, and, at all events, 
w require confirmation. This has been afforded since. 
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and of the most unequivocal kind, by Bradley's discovery 
6f the aberration of light (art. 275). The velocity of light 
dedneed £rora this last phenomenon differs by less than one 
"biglftiett' of its amount from that calculated from the 
edtipfer, and even this difference will no doubt be de- 
litroyad by nicer and more rigorously reduced observations. 
(467.) The orbits of Jupiter's satellites are but little 
eccentric ; those of the two interior, indeed, have no per- 
ceptible eccentricity ; their mutual action produces in 
them perturbations analogous to those of the planets 
about the sun, and which have been diligently investi- 
gated by Laplace and others. By assiduous observation 
it has been ascertained that they are subject to marked 
fluctuations in respect of brightness, and Uiat these fluc- 
tuations happen periodically^ according to their position 
with respect to the sun. From this it has been con- 
eluded, apparently with reason, that they turn on their 
axes, like our moon, in periods equal to their respective 
aidereal revolutions about their primary. 

(468.) The satellites of Saturn have been much less 
studied than those of Jupiter. The most distant is by 
far the largest, and is probably not much inferior to Mars 
in size. Its orbit is also materially inclined to the plane 
of the ring, with which those of all the rest nearly coin- 
cide. It is the only one of the number whose theory 
has been at all inquired into, further than suffices to 
verify Kepler's law of the periodic times, which holds 
good, mutatis mutandis, and under the requisite reser- 
vations, in this as in the system of Jupiter. It exhibits, 
like those of Jupiter, periodic defalcations of light, 
which prove its revolution on its axis in the time of a* 
sidereal revolution about Saturn. The next in order (pro- 
ceeding inwards) is tolerably conspicuous ; the three next 
very minute, and requiring pretty powerful telescopes to 
see them ; while the two interior satellites, which just 
skirt the edge of the ring, and move exactly in its plane, 
have never been discerned but with the most powerful 
telescopes which human art has yet constructed, and 
then only under peculiar circumstances. At the time of 
the disappearance of the ring (to ordinary telescopes) 
they have been seen* threading like beads the almost 
* By my fHther, in 1789, with a reflecting teleeoope four feet in aperture. 
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infinitely thin fibre of liglit to wiik'ii it is ihcii reduced, and 
fd^a short lime advancing off it at eiilier end, speedily u» 
return, and hastening to their habitual ueaocalment. 
Owing to the obliquity of the ring, and of tha orbit» of 
Hut satelliles loSatum'a ecliptic, ihore are no ecUpeeaof 
the »ateUileB (the interior onea excepted) until neat the 
lime when the ring is seen edgewise. 

(469.} With the exception of the two ialerior satel- 
lites of Saturn, the attent^nts of Uranus are the most dif- 
ficult objects to obtain a si^t of, of any in our system. 
Tiro undoubtedly exist, and four more have been sua- 
peeted. These two, however, olfcr remarkable and, in- 
deed, quite unexpected and unexampled peculiarities. 
Contrary to the unbroken analogy of the whole planet- 
ary system — whether of primaries or secondaries — the 
planes of their orbits are nearly perjtendiculaT to the 
ecliptic, being inclined no less than 78^ 58' to that plane, . 
and in these orbits their motions are retrograde; that ia 
to say, their positions, when projected on the ecliptic, 
instead of advancing from west to east round the centre 
of their primary, as is the case with every other planet 
and satellite, move in the opposite direction. Their 
orbits are nearly or quite circular, and Ihey do not appear 
to have any sensible, or, al least, any rapid motion of 
nodes, or to have undergone any material change of incli- 
nation, in the cou.'se, at least, of half a revolution of their 
primary round the sun.* 



Ib tmtimony of their 
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tioni from 1828 to the preeetit time, to con 
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CHAPTER X. 



fw... OF COMETS. 

Great Kdu^Jber of recorded OometB— The number of unrecorded proba- 
bly.mtfch creater— Description of a Comet— Comets without Tails — 
Increase nd Decay of their Tails— Their Motions— Subject to the 

general LaifS, of planetary Motion— Elements of their Orbits— Periodic 
[eturnof centun Comets— Halley's—£ncke's — ^Biela's— Dimensions of 
Comets— Thefr Resistance by thd Ether, gradual Decay, and possible 
Dispendon in Space. 

(470.) The extraordinary aspect of comets, dieir rapid 
ana seemingly irregular motions, the unexpected manner 
in which tibey often burst upon us, and the imposing 
magnitudes which they occasionally assume, have in iJi 
ages rendered them objects of astonishment, not unmixed 
with superstitious dread to the uninstructed, and an enig- 
ma to those most conversant with the wonders of crea- 
tion and the operations of natural causes. Even now» 
that we have ceased to regard their movements as irregu- 
lar, or as governed by other laws than those which retain 
the planets in their orbits, their intimate nature, and the 
offices they perform in the economy of our system, are 
as much unknown as ever. No rational or even plausible 
account has yet been rendered of those immensely volu- 
minous appendages which they bear about with them, 
and which are known by the name of their tails, (though 
improperly, since they often precede them in their mo- 
tions), any more than of several other singularities which 
they present. 

(471.) The nun^r of comets which have been astro- 
nomically observed, or of which notices have been re- 
corded in history, is very great, amounting to several 
hundreds ;* and v^hen we consider that in the earlier ages 
of astronomy, and indeed in more recent times, before the 
invention of the telescope, only large and conspicuous 

* See catalogues in the Almagest of Iticcioli ; Pingre^s Cometographla ; 
Delambre's Astron. vol. iii. ; Astronomische Abhandlungen, Na 1 
(which ccHitalos the elements of all the orbits of comets which have been 
computed to the time of its publication, 1823) ; also, a catalogue now in 
progress, by the Rev. T. J. Humey. Lon. & Ed. Phil. Mag. vol. ii. No. 9. 
e< tea. la a list cited by Lalande from the 1st vol. of Uie Tables de Ber 
liu, TOO comets are enumerated. 
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ones were noticed ; ajid thai, since due attention has been 
paid to the subject, scarcely a year has pasaed without 
the observation of one or two of these bodies, and that 
Gometimes two and even three have appeared at once ; it 
will be easily supposed that their actual number must be 
at least many thousands. Multitudes, indeed, must es- 
cape all observation, by reason of their paths traversing 
only that part of the heavens which is above &e horizon 
in the daytime. Comets so circumstanced can only be- 
come visible by the rare coincidence of a total eclipse of 
the sun, — a coincidence which happened, as related by 
Seneca, 60 years before Christ, when a large comet was 
actually observed very near the sun. Several, however, 
stand on record as having been bright enough to be seen 
in the daytime, even at noon and in bright sunshine, 
Sach were the comets of 1402 and 1632, and that which 
appeared a tittle before the assassination of CiEsar, and 
was (qflCTWards) supposed to have predicted his death. 
(472.) That feelings of awe and astonishment should 
be excited by the sudden and unexpected appearance of 
a great comet, is no way surprising ; being, in fact, ac- 
cording to the accounts we have of such events, one of 
the most brilliant and imposing of all natural phenomcaa. 
Comets consist for the roost part of a large and splendid 
but ill defined nebulous mass of light, called the liead, 
which is usually much brighlor towards the centre, and 
offers the appearance of a vivid nucleus, like a star or pla- 
net. From the head, and in a direction opposite to that 
in which Ike sun is situated from the comet, appear to 
diverge two streams of light, which grow broader and 
more dijfiised at a distance from the head, and which 
sometimes close in and unite at a little distance behind 
it, sometimes continue distinct for a great part of their 
. course ; producing an elTect like that of the trains lefV by 
some bright meteors, or like the diverging fire of a sky- 
rocket (only without sparks or perceptible motion). This 
is the tail. This magnificent appendage attains occasion- 
ally an immense apparent length. Aristotle relates of the 
tail of the comet of 371 a. c, lliat it occupied a third of 
thft^hemisphere, or 60° ; thai of a. d. 1618 is stated to 
have been attended by a train no less ihrm 101° in length, 
The comet of 1680, the moat celebrated of modern limes. 
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and on many accounts the most remarkable of all, with a 
head not exceeding in brightness a star of the second 
magnitude, covered with its tail an extent of more than 
70° of the heavens, or, as some accounts state, 90°. The 
figure (jig. 2, plate II.) is a very correct representation 
of the comet of 1819 — ^by no means one of the most^con- 
siderable, but the latest which has been conspicuous to 
the naked eye. 

(473.) The tail is, however, by no means an invariable 
appendage of comets. Many of the brightest have been 
observed to have short and feeble tails, and not a few have 
been entirely without them. Those of 1585 and 1763 
offered no vestige of a tail ; and Cassini describes the 
comet of 1682 as being as round and as bright as Jupiter. 
On the other hand, instances are not wanting of comets 
furnished with many tails or streams of divergiftg light. 
That of 1744 had no less than six, spread out like an im- 
mense fan, extending to a distance of nearly 30° in length. 
The tails of comets, too, are often curved, bending, in 
general, towards the region which the comet has left, as 
if moving somewhat more slowly, or as if resisted in their 
course. 

(474.) The smaller comets, such as are visible only in 
telescopes, or with difficulty by thfe naked eye, and which 
are by far the most numerous, offer very frequently no 
appearance of a tail, and appear only as round or some- 
what oval vaporous masses, more dense towards the cen- 
tre, where, however, they appear to have no distinct nu- 
cleus, or any thing which seems entitled to be considered 
as a solid body. Stars of the smallest magnitude remain 
distinctly visible, though covered by what appears lo be 
the densest portion of Uieir substance ; although the saniie 
stars would be completely obliterated by a moderate fog, 
extending only a few yards from the surface of the earth. 
And since it is an observed fact, that even those larger 
'comets which have. presented the appearance of a nu- 
cleus have yet exhibited no phases, Uiough we cannot 
doubt that they shine by the reflected solar light, it fol- 
lows that even these can only be regarded as great masses 
of thin vapour, susceptible of being penetrated throqgh 
their whole substance by the sunbeams, and reflecting 
them alike from their interior parts and from their but- 
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faces. Nor will any odc regard ihis explanation a> 
forced, or feel disposed to resort to 3 phosphorescent qua 
tity in the comet itself, to account for the phenomena in 
question, when we consider (what will be b««afier 
«bowa) the enonnana magnitude of the space thus illumi- 
jialcd, and the extremely email maM which there is 
ground to attribute lo these bodies. It will then be eri- 
dent that the most unsubstantial clouds which float in ibe 
highest regions of our atmosphere, and seem at sunset to 
be drenched in light, and to glow throughout their whole 
depth as if in actual ignition, without any shadow or dark 
iside, must be looked upon as dense and massive bodies 
compared with the filmy and all but epiritual textore of 
a comet. Accordingly, whenever powerful telescopes 
havp been turned on these bodies, they have not failed to 
dispel die illuaton which attributes solidity to that more 
condensed part of the head, which appears to the naked 
eye as a nucleus ; though it is true that in some, a very 
, minute stellar point ias been seen, indicatiog the exist- 
ence of a solid body. 

(475.) It is in ail probability to the feeble coercion of 
the elastic power of their gaseous parts, by the gTa.Tiiation 
of so small a central mass, that we must attribuie this ex- 
traordinary developement of the atmospheres of comets. 
If the earth, retaining its present size, were reduced, by 
any internal change (as by hollowing out its central 
parts) lo one thousandth part of its actual mass, its 
coercive power over tlie atmosphere would be dimi- 
nished in tlte same proportion, and in consequeuce the 
latter would expand to a thousand limes its ae^al bulk ; 
and indeed much more, owing to the slill farther dimi- 
nution of gravity, by the recess of the upper parts from 
the centre. 

(476.) That the luminous part of a comet is something 
-in the nature of a smoke, fog, or cloud, s,uap>ended in a 
.transparcDt atmosphere, is evident ^om a fact which has 
been often noticed, viz. — that the portion of the tail 
.where it comes up to, and surrounds the head, is yet 
^parated from jt by an interval loss luminous, as if uua- 
iJainod and kept oiF from contact by a transparent stratum. 
tBS we often see one layer of clouds laid over another 
■Wilb a considerable clear space between. These, and 
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most of the other facts observed in the history of comets, 
appear to indicate that the structure of a comet, as seen 
in section in the direction of its length, must be that of 
a hollow envelope, of a parabolic form, enclosing near its 
vertex the nucleus and head, something as represented 
in the annexed figure. This would account for the ap- 




parent division of the tail into two principal lateral 
branches, the envelope being oblique to the line of sight 
at its borders, and therefore a greater depth of illumi- 
nated matter being there exposed to the eye. In all proba- 
bility, however, they admit great varieties of structure, 
and among them may very possibly be bodies of widely 
different physical constitution. 

(477.) We come now to speak of the motions of co- 
mets. These are apparently most irregular and capri- 
cious. Sometimes they remain in sight for only a few 
days, at others for many months ; some move with ex- 
treme slowness, others with extraordinary velocity ; 
while not unfrequently, the two extremes of apparent 
speed are exhibited by the same comet in different parts 
of its course. The comet of 1472 described an arc of 
the heavens of 120° in extent in a single day. Some 
pursue a direct, some a retrograde, and others a tortuous 
and very irregular course ; nor do they confine them- 
selves, like the planets, within any certain region of the 
heavens, but traverse indifferently every part. Their 
variations in apparent size, during the time they continue 
visible, are no less remarkable than those of their velo- 
city ; sometimes they make their first appearance as faint 
and slow moving objects, with little or no tail , but by 
degrees accelerate, enlarge, and throw out from them this 
appendage, which increases in length and brightness till 
(as always happens in such cases) they approach the 
sun, and are lost in his beams. After a time they again 
emerge, on the other side, receding from the sun with a 
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welocily al first rapid, but gradually decaying. It is after 
thus passing the sun, and not till then, that ttipy shine 
forth in all their splendour, and that dieir tails acquire 
their greatest length and developement ; thus iudieating 
plainly the action of the sun's rays as iho exeiting cbum 
of that extraordinary emanation. As they continue to 
recede from the sun, their motion diminishes and the 
tail dies away, or is absorbed into the head, which itself 
grows continually feebler, and is at lengili altogether lost 
sight of, in by far the greater number of cases never to 
be seen more. 

(478.) Without the clue fiirnished by the theory of 
gravitation, the enigma of these seemingly irregular and 
capricious movemenis might have remained for ever un- 
resolved. But Newton, having demonstrated the pos- 
sibility of any conic section whatever being described 
about the sun, by a body revolving under the dominion 
of that law, immediately perceived the applicability of 
the general proposition to the case of coraetary orbits, 
and the great comet of 1G90, one of tlie most remark- 
able on record, both for the immense length of its tail 
and for the escessive closeness of its approach to the 
flun (within one sixth of the diameter of that luminary), 
afforded him an excellent opportunity for the trial of hia 
theory. The success of the attempt was complete. He 
ascertained that riiis cornel described about the sun aa its 
focus an elliptic orbit of go great on eccentricity as to be 
undistinguiahable from a parabola (which ia the extreme, 
or limiting form of the ellipse when the axis becoraea 
infinite), and that in (his orbit the areas described about 
tlie aun were, aa in the planetary ellipses, proportional 
to the times. The representation of the apparent mo- 
tions of this comet by such an orbit, ihroughoul its whole 
observed course, was found to be as complete as those 
of the motions of the planets in their nearly circular 
paths. From thai time it became a received truth, that 
the motions of comets are regulated by the same general 
laws as those of the planets — the difference of the cases 
^consisting only in the extravagant elongation of their el- 
lipses, and in the absence of any limit to ihe inclinations 
of their planes to that of the ecliptic — or any general co- 
incidence in the direction of the motions from west to 
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east, ratner than from east to west, like what is observed 
among the planets. 

(479.) It is a problem of pure geometry, from the 
general laws of elliptic or parabolic motion, to find the 
situation and dimensions of the ellipse or parabola which 
shall represent the motion of any given comet. In ge- 
neral, three complete observations of its right ascension 
and declination, with the times at which they were 
made, suffice for the solution of this problem (which is, 
however, a very difficult one), und for the determination 
of the elements of the orbit. These consist, mutatis 
mutandis, of the same data as are required for the com- 
putation of the motion of a planet: and, once deter- 
mined, it becomes very easy to compare them with the 
whole observed course of the comet, by a process ex- 
actly similar to that of art. 426, and thus at once to as- 
certain their correctness, and to put to the severest trial 
the truth of those general laws on which all such calcu- ,i -^ 
lations are founded. . ^ 

(480.) For the most part, it is found that the motions 
of comets may be sufficiently well represented by para- 
bolic orbits, — that is to say, ellipses whose axes are of 
infinite length, or, at least, so very long that no appre- 
ciable error in the calculation of their motions, during aU 
the time they continue visible, would be incurred by 
supposing them actually infinite. The parabola is that 
conic section which is the limit between the ellipse on 
the one hand, which returns into itself, and the hyper- 
bola on the other, which runs out to infinity. A comet, 
therefore, which should describe an elliptic path, how- 
ever long its axis, must have visited the sun before, and 
must again return (unlest) disturbed) in some determinate 
period, — but should its orbit be of the hyperbolic cha- 
racter, when once it has passed its perihelion, it could 
never more return within the sphere of our observation, 
but must run ofi* to visit other systems, or be lost in the 
immensity of space. A very few comets have been as- 
certained to move in hyperbolas, but many more in 
ellipses. These then, in so far as their orbits can remain 
unaltered by the attractions of the planets, must be re- 
garded as permanent members of our system 

(481.) The most remarkable of these is the comet of 
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HaUey, so called from llie celebrated Ediuujid Halley, 
who, on calculating its elements from ile perihelion pas- 
sage in 1692, when it appeared in great splendour, with 
a tail 30° in lengib, was led \o conclude its identity with 
the great comets of 1531 and 1607, whose ekmenta he 
had also ascertained. The intervale of these successive 
apparitions being 75 and 76 years, Ualley was encou- 
raged to predict its re-appearance about the year 1750, 
So remarkable a prediction could not feil to attract the 
attention of all astronomers, and, as the time a]>proached, 
it became estremely interesting to know whether the at- 
tractions of the lajger planets might not materially inter- 
fere with its orbilual motion, The computation of their 
influence from the Newtonian law of gravity, a most 
difficult and intricate piece of calculation, was undertaken 
ftnd accompliEhed by Clairant, who found that the action 
of Saturn would retard its return by 100 days, and that 
of Jupiter by no less than 518, making in all 61S days, 
by which the expected return would happen later than 
on t^e supposition of its retaining an unaltered period — 
and that, in short, the time of the expected perihelion 
passage would take place within a mondi, one way or 
other, of the middle of April, 1759. — ^It actually hap- 
pened on the I2th of March in that year. Its next re- 
turn to the perihelion has been calculated by Messrs. 
Damoiseau and Ponlecoulant, and Axed by the former 
on the fourth, and by the latter on the seventh of Novem- 
ber, 1835, about a month or six weeks before which time 
it may be expected to become visible in our hemisphere ; 
and, an it will approach pretty iKar the earth, will very 
probably exhibit a brilliant appearance, though, to judge 
from the successive degradations of its apparent size and 
the length of its tail in its several returns since its first 
appearances on record (in 1305, 1456, iSic), we are not 
now to expect any of those vast and awful phenomena 
which throw our remote ancestors of the middle ages into 
agonies of superstitious terror, and caused public prayers 
to be put up in the churches againat tlie comet and il 
malignant agencies. 

(482.) More recently, two comets have been especit 
iilenlificd as having performed several revolutions ab( 
'he sun, aih\ as Iiaving been not only observed and 
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corded in preceding revolutions, without knowledge of 
this remarkable peculiarity, but have had already seve- 
ral times their returns predicted, and have scrupulously 
kept to their appointments. The first of these is the 
comet of Encke, so called from Professor Encke, of Ber- 
lin, who first ascertained its periodical return. It re- 
volves in an ellipse of great eccentricity, inclined at an 
angle of about 13^ 22' to the plane of the ecliptic, and 
in the short period of 1207 days, or about Sj years. 
This remarkable discovery was made on the occasion of 
its fourth recorded appearance, in 1819. From the el- 
lipse then calculated by Encke, its return in 1822 was 
predicted by him, and observed at Paramatta, in New 
South Wales, by M. Rumker, being invisible in Europe : 
since which it has been re-predicted, and re-observed in 
all the principal observatories, both in the northern and 
southern hemispheres, in 1825, 1828, and 1832* Its ^;. 
next return will be in 1835. *\ 

(483.) On comparing the intervals between th^ suc- 
cessive perihelion passages of this comet, after allowing 
in the most careful and exact manner for all the disturb- 
ances due to the actions of the planets, a very singular 
fact has come to light, viz. that the periods are continu- 
ally diminishing, or, in other words, the mean distance 
from the sun, or the major axis of the ellipse, dwindling 
by slow but regular degrees. This is evidently the effect 
which would be produced by a resistance experienced 
by the comet from a very rare ethereal medium pervading 
the regions in which it moves ; for such resistance, by 
diminishing its actual velocity, would diminish also' its 
centrifugal force, and thiis give the sun more power over 
it to draw it nearer. Accordingly (no other mode of 
accounting for the phenomenon in question appearing), 
this is the solution proposed by Encke, and generally 
received. It will, therefore, probably fall ultimately into 
the sun, should it not first be dissipated altogether — a 
thing no way improbable, when the lightness of its ma- 
terials is considered, and which seems authorized by the 
observed fact of its having been less and less conspicuous 
at each reappearance. 

(484.) The other comet of short period .which has 
lately been discovered is that of BieUif so called from 
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M, Biela, of Josephslndl, wlio first arrived al this inte- 
resting conclusion. It is identical with comets which 
appeared in 178!), 1795. £tc., and describee its mode- 
rately eccentric ellipse about ihe sun in Oj years ; and 
the la«t apparition having taken pla(« according lo the 
prediction in 1832, the next will be in 1838. It is a 
imall insigniiicant comet, without a tail, or any appear- 
ance of a solid nucieua whatever. Its orbit, by a re 
markable coincidence, very nearly intersects that of the 
earth ; and had the latter, at the Uine of its passage in 
1832, been a month in advance of its actual place, it 
would have passed through the comet — a singular ren- 
contre, perhaps not unattended with danger." 

(485.) Comets in passing among and near the planets 
are materially drawn aside from their courses, and in 
some cases have their orbits entirely changed. This ig 
remarkably the case with Jupiter, which seems by some 
strange fatality lo be constantly in their way, and to 
serve fls a. perpetual Btumbliug block to them. In the 
case of the remarkable comet of 1770, which was found 
by Lexell to revolve in a moderate ellipse in the period 
of about 5 years, and whose return was predicted by him 
accordingly, the prediction was disappointed by the comet 
actually getting entangled among the satelUtes of Jupiter, 
and being completely thrown out of its orbit by the at- 
traction of that planet, and forced into a much larger el- 
lipse. By this estraordinary rencontre, the motions of 
the gatellites guffvred not the least perceptible derange- 
ment — a sufficient proof of the amallness of llie comet's 

(486.) It remains to say a few words on the actual di- 

* Should tnloulation estobliili the (bcl of h reai^lsnee MperiBncod nlso 
b^ tha comet, the giibjecl or periodivnl cameU will nsaunie an enmor- 
dinary dsgroe of mterEtfl. Il canaat be doubted that many mere will 
be diBcovered, and by ^ejr resiaLanee queatiaiu wi)l come to be decided, 
•ucbaalliBfullowing:— WliatuiheliiwufiletBiiyoflherBsiatiiiEniediimi 
which iDrroutidi! tho sun! I> il W real orin modoiil If Ihe lallor, Id 
what diceciion does il moTe I Circobrly round Ihs lun. or traversing 
apacel ircireulsdy. in nliat idntiaf II ia obvious ibst n ciraular or 
TortiRae maiion of Uie eUier would acceUrale une Bomiii and Tdard 
Oder* according aa their revolution Wa». relative to toch moiion, direcl 
orrotra^de. Sujipaaing the neiehbourhood of Ihe aan to be filled wiih 
a material fluid, it ia not concoivable diat Iha circnlaiion of tho pluiets 
in it lur nges ihould nal have im[iieaaed upon it aome degTCP of nualion 
in Iheir own dirocUon. And Ihli may preaorve them from Ihe ■ 
ertboU nf nPciimulBtcd rem«am-e^Au!l>ur. 
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mensions of comets. The calculation of the diameters 
of their heads, and the lengths and breadths of their 
tails, offers not the slightest difficulty when once the 
elements of their orbits are known, for by these we know 
their real distances from the earth at any time, and the 
true direction of the tail, which we see only foreshort- 
ened. Now calculations instituted on these principles 
lead to the surprising fact, that the comets are by far the 
most voluminous bodies in our system. The following 
are the dimensions of some of those which have been 
made the subjects of such inquiry. 

(487.) The tail of the great comet of 1680, imme- 
diately after its perihelion passage, was found by New- 
ton to have been no less than 20000000 of leagues in 
length, and to have occupied only two days in its etni#» s^ 
sion from the comet's body ! a decisive proof this of it* "^^ 
being darted forth by some active force, the orr^i|^.of.'#'^ 
which, to judge from the direction of the tail, must be* 
sought in the sun itself. Its greatest length amounted 
to 41000000 leagues, a length much exceeding the 
whole interval between the sun and earth. The tail of 
the comet of 1769 extended 16000000 leagues, and that 
of the great comet of 1811, 36000000. The portion of 
the head of this last comprised within the transparent 
atmospheric envelope which separated it from the tail 
was 180000 leagues in diameter. It is hardly conceiv- 
able that matter once projected to such enormous dis- 
tances should ever be collected again by the feeble at- 
traction of such a body as a comet — a consideration 
which accounts for the rapid progressive diminution of 
the tails of such as have been frequently observed. 

(488.) A singular circumstance has been remarked 
tcspecting the change of dimensions of the comet of 
Encke in its progress to and retreat from the sun : viz. 
that the real diameter of the visible nebulosity under- ^ 
goes a rapid contraction as it approaches, and an equally 
rapid dilatation as it recedes from the sun. M. Valz, 
who, among others, had noticed this fact, has accounted 
for it by supposing a real compression or condensation . 
of volume, owing to the pressure of an ethereal medium 
growing moiek dense in the sun's neighbouftiood. It is 
very possible, however, that the change may consist in 
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00 rear expansion or condensation of volume (further 
than is due to the convergence or divergence of ihe dif- 
ferent parabolas described by each of its molecules to or 
from a common vertex), but may rather indicate tlie al- 
ternate conversion of evaporable materials in the npper 
regions of a. transparent atmosphere, into the slntes of 
visible cloud and invisible gas, by the mere 
heat and cold. But it is lime to quit a subject so myi 
riotis, and open to such endless speculatior 
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(489.) In the progress of this work 
than: once cialled the reader's attention lo the exislei 
of inequalities in the lunar and planetary 
included iu the expression of Kepler's laws, 
sort supplementary to them, and of an order so far sub- 
ordinate to those leading features of the celestial move- 
ments, as to require, for their detection, nicer observa- 
Uons, and longer continued comparison between facts 
^nd theories, than suffice for the establishment and veri- 
fication of the elliptic theory. These inequali 
known, in physical astronomy, by the name of perlur' 
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batiom. They arise, in the case of the primary planets, 
from the mutual gravitations of these planets towards 
each other, which derange their elliptic motions round 
the sun; and in that* of the secondaries, partly from 
the mutual gravitation of the secondaries of the same 
system similarly deranging their elliptic motions round 
their common primary, and partly from the unequal 
attnaction of the sun' on them and on their primary. 
These pertuibations, although small^ and, in most in- 
stances, insensible in short intervals of tune, yet, when 
accumulated, as some of Ihem may become, in the lapse 
of ages, alter yery greatly the original elliptic relatiioiis, 
so 'as to render the same elements of the planetary 
orbits, which at one epoch represented perfectly well 
their movements, inadequate and unsatisfactory afler 
long intervals of time. 

(490.) When Newton first reasoned his way from 
the broad features of the celestial motions, up to the 
law of universal gravitation, as affecting all matter, and- 
rendering every particle in the universe subject to the 
influence of every other, he was not unaware of the 
modifications which this generalization would induce 
into the results of a more partial and limited application 
of the same law to the ^revolutions of the planets about 
the sun, and the satellites about their primaries, as their 
only centres of attraction. So £ar from it, that his ex* 
traordinary sagacity enabled him to perceive very dis- 
tinctly how several of the most important of the lunar 
inequalities take their origin, in this more general way 
of conceiving the agency of the attractive power, espe- 
cially the retrograde motion of the nodes, and the direct 
revolution of the apsides of her orbit. And if he did 
not extend his investigations to the mutual perturbations 
of the planets, it was not for want of perceiving that such 
perturbations must exist, and might go the length of 
producing great derangements from the actual state of 
the system, but owing to the then undeveloped state of 
the practical part of astronomy, which had not yet b^ 
tamed the precision requisite to make such an attempt 
inviting, or indeed feasible. What Newton left undone, 
however, his successors have accomplished ; and, at 
this day, there is not a single perturbation, great or small. 
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which obserration has ever detected, which has not 
been traced up to its origin in the mutual gravitation of 
the parts of our system, and been minutely accoanled 
ior, in its numerical amount and-value, by strict calcula- 
tion on Newton's piinciples. 

(491.) Calculations of this nature require a very high 
analysis for their sncceHsful performance, such as is far 
beyond the scope and object of diis work to attempt ex- 
hibiting. The reader who would master them must 
prepare himself for the undertaking by an cxlensiva 
course of preparatory study, and must ascend by steps 
which we must not here even digress to point out. It will 
be our object, in this chapter, however, to give Bome 
general insight into the nature and manner of operation 
of the acting forces, and to point out what are the cir- 
cumatancca which, in eome cases, give them a high de- 
gree of efficiency — a. sort of purchane on the balance of 
the system; whils, in others, with no less amount of 
intenaiiy, their effective agency in producing estenaive 
and lasting changes is compensated or rendered abortive; 
as well as to explain the nature of those admirable re- 
BtdtB respecting the stability of our system, ta which the 
researches of geometers have aonducled them; and 
which, under the form of mathematical theorems of ^eat 
beauty, simplicity, and elegance, involve the history of 
the past and iiiture state of the planetary orbits during 
Bgea, of which, contemplating the subject in this point 
of view, we neither perceive the beginning nor the 
end. 

(492.) Were there no other bodies in the universehnt 
the sun and one planet, the latter would describe an 
exact ellipse about the former (or both round their com- 
naa centres of gravity), and continue to perform its revo- 
lutions in one and the same orbit for ever ; but the 
moment we add to our combination a third body, tlie at- 
traction of this wUl draw both the former bodies out of 
their mutual orbits, and, by acting on tliem unequally 
vill disturb their relation to each oiher, and put aa end 
to the rigorous and mathematical exactness of their ellip- 
tic motions, either about one another or about a fixed poitit 
111 space. From this way of propounding the subject, 
we see that it is nut the whole attracliun of the newly in- 
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troduced body which produces perturbation, but the dif- 
ference of its attractions on the two originally present. 

(493.) Compared to the sun, all the planets are of ex- 
treme minuteness ; the mass of Jupiter, the greatest of 
them all, being not more than one 1300th part that of the 
sun. Their attractions on each other, therefore, are all 
very feeble, compared with the presiding central power, 
and the effects of their distorbing forces are proportionally 
minute. In the case of the secondaries, the chief agent 
by which their motions are deranged is the sun itself, . 
whose mass is indeed great, but whose disturbing influ- 
ence is immensely diminished by their near proximity to 
their primaries, compared to their distances from the sun, 
which renders the difference of attractions on both ex- 
tremely small, compared to the whole amount. In this 
case, the greatest part of the sun's attraction, viz. that 
which is common to both, is exerted to retain both pri- 
mary and secondary in their common orbit about itself, 
and prevent their parting company. The small overplus 
of force only acts as a disturbing power. The mean 
value of this overplus, in the case of the moon disturbed 
by the sun, is calculated by Newton to amount to no 
higher a fraction than ^ ^^gV^o of gravity at the earth's 
surface, or j^^ of the principal force which retains tiie 
moon in its orbit. 

(494.) From this extreme minuteness of the intensities 
of the disturbing, compared to the principal forces, and 
the consequent smallness of their momentary effects, it 
happens that we can estimate each of these effects sepa- 
rately, as if the others did not take place, without fear 
of inducing error in our conclusions beyond the limits 
necessarily incident to a first approximation. It is a 
principle in mechanics, immediately flowing from the 
primary relations between forces and the motions they 
produce, that when a number of very minute forces act 
at oncQ on a system, their joint effect is the sum or ag- 
gregate of their separate effects, at least within such limits, 
that the original relation of the parts of the system shall 
not have been materially changed by their action. Such , 
effects supervening on the greater movements due to the 
action of the primary forces may be compared to the 
small ripplings caused by a thousand varying breezes on 
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B the broad and regular swell of a deep and rolling ocean, 

I which run on as if die surface were a plane, and cross ii 

«U direcliouB, without interfering, each as if the other had 

Be existence. It is only when their cffccla become acca 

nnilated in lapse of time, so as to slier the primary rela 

tlons or data of the system that it becomes necessary tt 

hare especial regard to the cbangea correspondingly in 

^_ ttodaced into the estimation of their momentary effietenej, 

^1 * by which the rate of the snbseqnent changes is affected 

^^^. and periods or cycles of immense length lake their origin 

^^y From ihia consideration ariae some of the most curious 

^^' theories of physical astronomy. 

* - (^Bs.) Hence it is evident, thai in estimating the dis- 
tarbing influence of several bodies forming a system, in 
which one has a remarltable preponderance over all ihe 
rest, we neednot embarrass ourselves with combinations 
of the disturbing powers one among another, nnless where 
immensely long periods are concerned ; such as consist 
of many thousands of revolutions of the bodies in ques- 
tion, about their common centres. So that, in effect, ihe 
problem of the investigation of the pernirbatioBfl of a 
syBlem, however numerous, constituted as ours is, reduces 
JBelf to that of a system of three bodies : a predominanl 
central body, a disturbing, and a disturbed ; the two lat- 
ter of which may exchange denominations, according as 
the motions of the one or the other aie the subject of 
inquiry. 

(486.) The intensity of the disturbing force is conti- 
nually varying, according to the relative situation of the 
disturbing and disturbed body with respect to the sun. If 
the attraction of the disturbing body M, on the central 
body S, and tlie disturbed body P (by which designa- 
tions, for brevity, we shall hereafter indicate them), were 
equal, and acted in parallel lines, whatever might other- 
wise be its law of variation, there would be no deviation 
caused in the elliptic motion of P about S, or of each 
about the other. The case would be strictly that of art. 
385 ; the attraction of M, so circumstanced, being at * 
^very moment exactly analogous in its effects to terres- 
trial gravity, which acts in parallel lines, and is equally 
intense on all bodies, great and amall. But this is not 
the ease of nature. Whatever is stated in the subseqoenl 
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article to that last cited, a( the diBturbing elTect of tbp 
Euu and moon, is^mtiCalis inulandit, applicable to evi 
case of perturbation ; and it must be now our \>u 
enter, Bomewhat moro in detail, into the general heads 
the subject there merely hinted at. , 

(497.) We ri)aU begin with that part of the dislurhii ^ 
force wliich tends todiaw the disturbed body out of the 
plane in which its 4^rHt would be performed if undislurtf- 
ed, and, by so dotngr^^uses it to describe a curve, ' 
which no two adjacent portions lie in one plane, or, : 
is called in geometry, a curve of double curvature. Sup- 
pose, then, APN to be llie orbit which P would describe 
about a, if undisturbed, and suppose it to arrive at P, at 
any instant of time, and to be about to describe in the 
neit instant the undisturbed arc Pp, which, prolonged in 
the direction of its tangent PpS,, will intersect the plane 
of the orbit ML of the disturbing body, somewhere in t^^ 
hae of nodes 8L, suppose in R. This would be the cas? 
if M exerted no disturbing power. But suppose it fo do 
so, then, siuce it draws both S and P towards it, in direc- 
tions mi, coincident witli the plane of F's orbit, it will 
cause litem both, in the next instant of time, to quit that 
plane, but unequally .-—first, because it does not drMt* 
ihcm both in parallel lines ; secondly, because they, beiflg 
unequally distant from M. are unequally attracted by V 
by reason of the general law of gravil^on. Now, it U 
by the difference of the motions thns generated that Ihe 
relative orbit of P about S is changed; so that, if w^ 
conlinoe to refer its motion to S as a fixed centre, the dis- 
turbing part of the impulse which it receives from M wUi _ 
impel it to deviate from the plane PSN, and describe in , 
llic next instant of lime, not the arc Pp, but an arc Pf^ 
lying either above oi beloiv Vp, according to the prepi^ 
deranee of the forces exerted by M on P and S, 

(498.) The disturbing force acts ia the plane of the trir 
angle Sl'M, and may be considered as resolved into two : 
one of .which urges P to or from 9, or along the line SVf' 
and, therefore, iocrpuea or diminishes) in so far ae if * 
eifective, the direct attr^ttou of S or P; the other 
aline I'K, parallel to SM, and which may be regarded 
either pulling P in the direction PK, or pushing itin 
cuntrary direction ; these terras being well understood 
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hare only a relative meaning as referring to a suppowd 
fixity of Sf and transfer of the whole efiective power to P. 

The former of these foreetf, 
acting always in the plane of 
P's motion, cannot tend to 
urge it out of that pland : the 
latter only is so effectiyey and 
that not wholly; another mo- 
Itition of forces heing needed 
to estimate its effectrre part 
But with this we shall not 
concern ourselves, the object here proposed being only 
to explain the manner in which the motion of the node* 
arises, and not to estimate its amount. 

(499.) In the situation, or configuration, as it la tennedy 
represented in the figure, the force, in the direction PK, 
is 2.prjfUing force ; and as PK, being parallel to SM^lies 
heloy) the plane of P's orbit (taking that of M^s oibit for 
a ground plane), it is clear that the disturbed arc P^, de- 
scribed in the next moment by P, must lie hdow 'Pp. 
When prolonged, therefore, to intersect the planerof IMra 
orbit, it will meet it in a point r, behind R, and the line 
Sr, which will be the line of intersection of the plane 
SP^ (now, for an instant, that of P's disturbed motion), 
or its new line of nodes, will fall behind SR, the undis • 
tnrbed line of nodes ; that is to say, the line of nodes 
will have retrograded by the angle RSr, the motions of 
P and M being regarded as direct. 

(500.) Suppose, now, M to lie to the left instead of the 
right of the line of nodes, P retaining its situation, then 
will the disturbing force, in the direction PK, tend to rotte 
P out of its orbit, to throw P^' above Pp, and r in advance 
of R. In this configuration, dien, the node will advance^ 
but so soon as P passes the node, and comes to the h>wer 
side of M's orbit, although the same disposition of the 
forces will subsist, and P^ will, in consequence, continue 
to lie above P/?, yet, in this case, the little arc Fq will 
have to be prolonged backwards to meet our ground 
plane, and, when so prolonged, will lie bdow the similar 
prolongation of Pp, so that, in this case again, the node 
will retrograde. 

(501.) Thus we see that the efifect of the disturbing 
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force, in the different states of configuration which Ibe 
bodies P and M may assume with respect to the node, is 
to keep the line of nodes in a continual state of fluctua- 
tion to and fro ; and it will depend on the excess of cases 
favouraUe to its advance over those which favour its re- 
cess, ill an average of all the possible configurations^ 
whether, on the whole, an advance or recess of the node 
shall take place. 

(502.) If the orbit of M be very large compared with 
that of P, so large that MP may, without material error, 
be regarded as parallel to MS, which is the case with the 
moon's orbit disturbed by the sun, it will be very readily 
seen, on an examination of all the possible varieties of 
configuration, and having due regard to the direction of 
the £sturbing force, that during every single complete 
revolution of P, the cases favourable to a retrograde mo- 
tion of the node preponderate over those of a contrary, 
tendency, the retrogradation taking place over a larger 
extent of the whole t>rbit, and being at the same time 
more rapid, owing to a more intense and favourable action 
of the force than the recess. Hence it follows that, on 
the whoUj during every revolution of the moon about the 
earth, the nodes of her orbit recede on the ecliptic, con- 
formable to experience, with a velocity varying from lu- 
nation to lunation. The amount of this retrogradation, 
when calculated, as it may be, by an exact estimation of 
all the 'acting forces, is found to coincide with perfect 
precision wi& that immediately derived from observation, 
so that not a doubt can subsist as to this being the real 
process- by which so remarkable an effect is produced. 

(503.) Theoretically speaking, we cannot estimate 
correctly the recess of the intersection of the moon's 
orbit with the ecliptic, from a mere consideration of the 
disturbance of one of these planes. It is a compound 
phenomenon ; both planes are in motion with respect to 
an imaginary fixed ecliptic, and, to obtain the compound 
effect, we must also regard the earth as disturbed in its 
relative orbit about the sun by the moon. But, on ac- 
count of the excessive distance of the sun, the intensity 
of the moon's attraction on it is quite evanescent, com 
pared with its attraction on the earth : so that the pe¥^ 
turbative effect in this case, which is the difference of 



[chap. XI. 

II and earth, is equal to 
the whole atlraction of the moon on the earth. The ef- 
fect of this IB to produce a monthly displacement of the 
centre on either side of the ecliptic, whose amount is 
eamly calculated by regarding (heir commaa centre of 
gravity aa lying strictly in the ecliptic. From tliis it ap- 
pears, that the displacement in question cannot exceed a 
small fraction of the earth's radius iu its wiiole amount ; 
and, therefore, that its momentary variation, on which the 
motion of the node of the ecliptic on the moon's orbit 
depends, must be utterly inaensible. 

(604.) It la otherwise with die mutual action of the 
planets. In this case, both the orbits of the disturbed 
and ^istnrbhig planet must be regarded as in motion. 
Precisely on the above-stated principles it may be shown, 
that the effect of each planet's attraction on the orbit of 
every other, is to cause a retrogradation of ihe node of 
the one orbit on the other in certain configurations, ajid a 
recess in others, terminating, like that of the maan, cm 
the average of many revolutions in a regular retrograda- 
tion of the node of each orbit on every other. But since 
this is the ease with every pair into which the planets can 
be ct)mhined, the motion ullimnleiy arising from their 
joint action on any one orbit, taking into the account the 
ditferent situations of all their planes, becomes a singu- 
lar and complicated phenomenon, whose law cannot be 
very easily expressed in words, though redncible to strict 
BUiherical statement, anil being in fact a mere geometri- 
cal result of what is above stated, 

(505.) The nodes of all the planetary orbiB on thetrue 
ecliptic then are retrograde, although (which is a most 
material eircttm stance) they are not all sc^on a fixed 
plane, such as we may conceive to exist in the planetary 
system, and to be a plane of reference unaffected by theif 
mutual disturbances. It is, however, to the ecliptic, t^t 
we are uuder the necessity of referring their movements 
from our station in the system ; and if we would transfer 
our ideas to a fixed plane, it becomes necessary to lake 
account of the variation of the ecliptic itself, produced 
by the joint action of all the planets. 

(506.) Owing to the amallness of the masses of thn 
planets, and their great distances from each other, the re 
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volutions of their nodes are excessively slow, being in 
every case less than a single degree per century, and in 
most cases not amounting to half that quantity. So far 
as the physical condition of each planet is concerned^ it 
is evident that the position of their nodes can be of little 
importance. It is otherwise with the mutual inclinations 
of their orbits, with respect to each other, and to the 
equator of each. A variation in the position of the eclip- 
tic, for instance, by which its pole should shift its dis- 
tance from the pole of the equator, would disturb bur sea- 
sons. Should the plane of the earth's orbit, for instmatoe, 
ever be so changed as to bring the ecliptic to coincide 
with the equator, we should liave peipetual spring over 
all the world ; and, on the othier hand, should it coincide 
with a meridian, the extremes of summer and winter 
would become intolerable. The inquiry, then, of the 
variations of inclination of the planetary orbits inter •«, 
is one of much higher practical interest than those of 
their nodes. 

' (507.) Referring to the figure of art. 498, it is evident 
Uiat the plane SPg, in which the disturbed body mores 
during an instant of time from its quitting P, is differently 
inclined to the orbit of M, or to a fixed plane, from the 
original or undisturbed plane PS/>. The difierence of 
absolute position of these two planes in space is the an- 
gle made between the planes PSR and PSr, and is there- 
fore calculable by spherical trigonometry, when the angle 
RSr or the momentary recess of the node is known, and 
also the inclination of the planes of the orbits to each 
other. We perceive, then, that between the momentary 
change of inclination and the momentary recess of the 
node there exists an intimate relation, and that the re- 
search of the one is in fact bound up in that of the other. 
This may be, perhaps, made clearer, by considering the 
orbit of M to be not merely an imaginary line, but an 
actual circular or elliptic hoop of some rigid material, 
without inertia, on which, as on a wire, the body P may 
slide as a bead. It is evident that the position of this 
hoop will be determined at any instant, by its inclination 
to the ground plane to which it is referred, and W the 
place of its intersection therewith, or node. It wiU abo 
be determined by the momentary direction of P's motion, 

2B2 
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fihkh (hftviiig no iaertia) it must obey ; and any change 
by wfadch P should, in the next instant, alter its orbit, 
w<rald be equiTalent to a shifting, bodily, of the whole 
hoop, changing at once its- inclination and nodes. 

(M8.) One immediate conclusion from what has been 
pointed onl above^ is that where the orbits, as in the case 
ef : the {danetary system and the moon, are slightly in- 
^Uaed to one another, the momentary variations of the 
indiamtiDn are of an order much inferior in mafnitude to 
Uioee in the place of the node. This is evident on a 
meie inspection of oar figure, the angle RPr, being by 
reaaon of the small inclination of the planes SPR and 
B8r, neeessarily much smaller than the angle RSr. In 
piDportion jui the planes of the orbits are brought to coin- 
cidenee, a very trifling angular movement of Pp abont PS 
m an axis wiU make a great variation in the situation of the 
point r» where its prolongation intersects the ground plane. 
■ (609.) To pass from the momentary changes which 
take place in tlie relations of nature to the accmuulated 
«ftets produced in considerable lapses of time by the 
eoatinued action of the same causes, under circumstances 
varied by these very effects, is the business of the integral 
oilonlus. Without going into any calculations, however^ 
it will be easy for us to trace, by a few cases, the varying 
influence of diflerences of position of the disturbing and 
disturbed body with respect to each other and to the node, 
and from these to demonstrate the two leading features 
in this theory-— the periodic nature of the change and 
re-establishment of . the original inclinations, and the 
small limits /ffithin which these changes are confined. 
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(610.) Case l.^When tiie dwtiirbing body M is situ 
ated in a^itection peipendioiiUar to the line of nodes, oi 
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the nodes are in quadrature with it : M being the dis- 
turbing body, and SN the line of nodes, the disturbing 
force will act at P, in the direction PK ; being a pulling 
force when P is in any part of the semicircle HAN, and 
a pushing force in the whole of the opposite semicircle. 
And it is easily seen that this force is greatest' at A and 
B, and evanescent at H and N. Hence, in title whole 
semicircle HA, Vq will lie below Pjo, and being pro- 
duced backwards in the quadrant HA, and forwards in 
AN, will meet the circle S6Na in the plane of M's 
orbit, in points behind the nodes SN, the nodes being 
retrograde in both cases. But the new inclination of 
the disturbed orbit is, in the former case, ParA, which 
is less than PHa ; and in the latter, P^a, which ife^ 
greater than PNa. In the other semicircle the direction 
of the disturbing force is changed ; but that of the motion, 
with respect to the plane of M's orbit, being also in 
each quadrant reversed, the sanle variations of node and 
inclination will be caused. In this situation of M, then, 
the nodes recede during every part of the revolution of 
P, but the inclination diminishes throughout the quadrant 
SA, increases again by the same identical degrees in the 
quadrant AN, decreases throughout the quadrant N6, 
and is finally restored to its pristine value at S. On the 
average of a revolution of P, supposing M unmoved, the 
nodes will have retrograded with their utmost speed, but 
the inclination will remain unaltered. 




(511.) Case 2,— Suppose the disturbing body now to 
be fixed in the. line of nodes, or the nodes to be in. 
^^ySi)^ 2U3 in the annexed figure. In this situation the 
direction of the disturbing force, which is always psmsJOiel 
to SM, lies constantly in uie plane of P's orbit, and there- 
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fore producea neither vnri^lion of iaelinatioii or motion 
of Dodea. 

(512.) Case 3. — Let U9 lake now an inlemiediale 
BitUHtion of M, and indicating by the arrows the directions 
of ihe disturbing foryea (which are pulling ones through- 
out all ilia semi-orbit which lies towards M, aud putking 
in the opposite}, it will readily appear that the reasoning 
of art. 510, will hold good in all that pari of tlie orbit 
which lies between T and N, and between V and H, 
but that the effect will be reversed by the reversal of the 
direction of the motion with respect to the plane of M's 
orbit, in the intervals HT and NV. In these portions, 
however, the disturbing force is feebler than in the olhera, 
being evanescent in the line of quadratwes TV, and in- 
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creasing to its maximum in the ayzygies a h. The nodM 
then will recede rapidly in the former intervalB, and ad*, 
vance feebly in the latter; but since, as H ^proacheeto 
a, the disturbing force, by acting obliquely to the plane 
of P's orbit, is again diminished in efficacy, still, on the 
average of a whole revolution, the nodes recede. On 
the other hand, the inclination will now diminish daring 
the motion of P from T to c, a point 90° distant from 
the node, while it increases not only daring its whole 
motion over the quadrant cN, but also in the rest of its 
half revolution NV, and ho for the other half. There 
will, therefore, be an uncompensated increase of inclina 
tion in this position of M, on the average of a whole 
revolution. 

(513.) But this ificrease is converted into diminatiop 
when the line of nodes stands on the other side of, 8H, 
or in the quadrants Vd, Ta ; and still regarding H a^ 
fixed, and supposing that the change of circumfltaspdii 
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arises not from the motion of M but from that of the 
node, it is evident that so soon as the line of nodes in 
its retrograde motion has got past a, the circumstances 
will be all exactly reversed, and the inclination wiU again 
be augmented in each revolution by the very same steps 
taken in reverse order by which it before diniiiished. 
On the average, therefore, of a whole revolvtiov of 
THE NODE, the inclination will be restored to its original 
state. In fact, so far as the mean or average effect on 
th^ inclination is concerned, instead of supposing M 
fixed in one position, we might conceive it at eyery in- 
stant divided into four equal parts, and placed at equal 
angles on either side of the line of nodes, in which case 
it is evident that the effect of two of the parts would be 
to precisely annihilate that of the others in each revo- 
lution of P. 

(514.) In what is said, we have supposed M at rest; 
but the same conclusion, as to the mean and final results, 
holds good if it be supposed in motion ; for in the 
course of a revolution of the nodes, which, owing to the 
extreme smaUness of their motion, in the case of the 
planets, is of immense length, amounting, in most cases, 
to several hundred centuries, and in that of the moon 
is not less than 237 lunations, the disturbing body M 
is presented by its own motion^ over and over again, in 
every variety of situation to the line of nodes. Before 
the node can have materially changed its position, M has 
performed a complete revolution, and is restored to its 
place ; so that, in fact (that small difference excepted 
whfch arises from the recess of the node in one sy no- 
dical revolution of M), we may regard it as occupying at 
every instant every point of its orbit, or rather as having 
its mass distributed uniformly like a solid ring over its 
'whole circumference. Thus the compensation which 
we have shown would take place in a whole revolution 
of the node, does, in fact, take place in every synodic 
period of M, that minute difference only excepted which 
is due to the cause just mentioned. This difference, 
then, and not the whole disturbing effect of M, is what 
produces the -effective variation of the inclinations, whe- 
ther of the lunar or planetary orbits ;^and this difference, 
-which remains uncompensated by the motion of M, is in 



/ AaTRONOMV. 



[chap. : 



ii9 turn compensated by ihe motion of llie node during 
its whole revolution. 

(515.) It is clear, therefore, ihat the total variation of 
the planetary inclinations must be comprised within very 
narrow bmits indeed. Geometers have accordingly de- 
monstrated, by an accurate analysis of all the circum- 
stances, and an esacl estimation of the acting forces, 
that such ia the case ; and this is what is meant by as- 
serting the Hlability of the planetary system as to the 
miitu^ inclinations of its orbits. By the researches of 
Lagrange (of whose analytical conduct it ia impossible 
here to give any idea), the following elegant theorem has 
been demonstrated : — 

" ^ the mass of every planet be multiplied by the 
ggaare root of the major axis of U» orbit, and the pro- 
duet by the square of the tangent of its inclination to a 
fixed plane, the sum of all these products will be con- 
stantly the same under theinfluence of their mutual at- 
traction," If the present situation of the plane of the 
ecliptic be taken for that fixed plane (the ecliptic itself 
being' variable like the other orbits), it is found that this 
sum ia actually very small ; it must, therefore, always 
remain ao. This remarkable theorem alone, then, would 
guarantee the stability of the orbits of the greater planets ; 
but from what has above been shown, of the tendency of 
each planet to work out a compensation on every other, 
it ia evident that the minor ones are not excluded from 
this beneficial arrangement. 

(516.) Meanwhile, there is no doubt that the plane 
of the ecliptic does actually vary by the actions of the 
planets. The amount of ^is variation is about 48" per 
century, and has long been recognised by astronomers, 
by an increase of the latitudes of all the stars in certain 
situations, and their diminution in the opposite regions. 
Its effect is to bring the ecliptic by so much per annum 
nearer to coincidence with the equator ; but from what 
we have above seen, this diminution of the obliquity of 
the ecliptic will not go on beyond certain very moderate 
limits, after which (although in an immense period of 
ages, being a compound cycle resulting from the joint 
action of all the planets) it will again increase, and thus 
srillate backward and forward ;:ibout a mean poBidoi|« ■ 
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mt of its dorlijlkilii to one side and the other being 
than 1*21'. •.'■.' 
(517.) One effect of this variation of tlie plane of the 
ecliptic, that which causes its nodes on*aiUd plane 
'* to change — ^is mixed up with the precedflra^w the 
* ...equinoxes (art. 261), and undistinguishable fronC^/ex- 
.f ■ ^ ^cept in theory. This last-mentioned phenomenon is, 
.-/'f *, ' llowever, due to another cause, analogous, it is trucj'^in a 
.' ' ' general point of view to those above considered, but 
isijigularly modified by the circumstances under which it 
is produced. We shall endeavour to render these modi- 
fications intelligible, as far as they can be made so, with- 
out the intervention of analytical formulae. 

(518.) The precession of the equinoxes, as we have 
shown in art. 266, consists in a continual retrograda- 
tion of the node of the earth's equator on the ecliptic, 
and is, therefore, obviously an effect so far analogous to 
the general phenomenon of the retrogradation of the 
nodes of the orbits on each other. The immense dis- 
tance of the planets, however, compared with the size 
of the earth) and the smallness of their masses com- 
pared to that of the sun, puts their action out of the 
question in the inquiry of its cause, and we must, 
Uierefore, look to the massive though distant sun, and 
to our near though minute neighbour, the moon, for its 
explanation. This will, accordingly, be found in their 
disturbing action on the redundant matter accumulated 
on the equator of the earth, by which its figure is ren- 
dered spheroidal, combined with the earth's rotation on 
its axis. It is to the sagacity of Newton that we owe 
the tliscovery of this singular mode of action. 

(519.) Suppose in our figures (arts. 509, 510, 511), 
that instead of one body, P, revolving round S, there 
were a succession of partieles not coherent, but forming 
a kind of fluid ring, free to change its form by any force 
applied. Then, while this ring revolved round S in its 
own plane, under the disturbing influence of the distant 
body M (which now represents the moon or the sim, 
as P does one of the particles of the earth's equator), 
two things would happen: — 1st, Its figure would be 
bent out of a plane into an undulated form, those parts 
of it within the arcs Vc and Td (Jig. art. 511) being 




rendered more inclined to the plane of M's orbit, ^ad 
IhoBe within the arcs cT, dV, less so that iliey wooM 
otherwiae be. 2dly, the nodes of this ring, regarded as 
J whole, without respect to its change of figure, would 
retreat jipon that plane. 

(5^0.) But suppose this ring, instead of consistins; 
of discrete mokciiles free to move independently, lo be ■ 
rigid and incapable of such flexure, like the hoop wfi 
have supposed in art. 507| then it is evident that the 
effort of those parts of it which tend to become more 
inclined will act ilirough the medium of the ring itself 
(as a mechanicHl engine or lever) to counteract the 
effort of those which have at the same instant a contrary 
tendency. In bo far only, then, as there exista an excess 
on the one or the other side will the inclination change, 
an average being struck at every moment of ihe ring's 
motion i just as waa shown lo happen in the view we 
have taken of the Inclinations, in every complete ccvolu- 
tion of a single disturbed body, under the influence of a 
fixed disturbing one. 

(521.) Meanwhile, however, the nodes of the rigid 
ring will retrograde, the general or average tendency of 
the nodes of every molecule being to do so. Here, aa 
in the olhcr case, a struggle will take place by tlie coun- 
teracting efforts of the molecules conlra«ly disposed, 
propagated thrdligh the solid substance of the ring ; and 
thus, at every instant of lime, an ayerage will be struck, 
which average being identical in its nature with that ef- 
fected in the complete revolution of a single disturbed 
body, will, in every ease, be in favour of a recess of the 
node, save only when the disturbing body, be it auu or 
moon, is situated in the plane of the earth's equator, or 
in the caae of the fig. art. 510. 

(523.) This reasoning is evidently independent of any 
consideration of the cause which maintains the rotation 
of the riog ; whether .the particles be small ealeUites re- 
tamed in circular orbits under the equilibrated action of 
attractive and centrifugal forces, or whether they be small 
niaescs coneeived as attached to a set of imaginary spokes 
as of a wheel, centering in S, and free only lo shift IheU 
planes by a moLon of those spokes perpendicular to the 
plane of the wheel. This makes no difference in iJie 
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giineral efiect ; though the dififerent velocities of rotation, 
which may be impressed on such a system, may and 
will have a very great influence both on the absolute and 
relative magnitudes of the two ejQfects in question — the 
motion of the nodes and change of inclinatiottv This 
will be easily understood, if we suppose the ring without 
a rotatory motion, in which extreme case it is obvious, 
that so long as M remained £b^ed there would take place 
no recess of nodes at aU, but only a tendency of the ring 
to tilt its plane round a diameter perpendicular to the 
position of M, bringing it towards the line SM. 

(523.) The motion of such a ring, then, as we have 
been considering, would imitate, so far as the recess of 
the nodes goes, the precession of the equinoxes, only that 
its nodes .would retrograde far more rapidly than the ob- 
served precession, which is excessively slow. But now 
conceive this ring to be loaded with a spherical mass 
enormously heavier than itself, placed concentrically 
within it, and cohering firmly to it, but indiftferent, or very 
nearly so, to any such cause of motion ; and suppose, 
moreover, that instead of one such ring, there are a vast 
multitude heaped together around the equator of such a 
globe, so as to form an elliptical protuberance, enveloping 
it like a shell on all sides, but whose mass, taken together, 
should form but a very minute fraction of the whole 
spheroid. We have now before us a tolerable repre- 
sentation of case of nature ;* and it is evident that the 
rings, having to drag round with them in their nodal re- 
volution this great inert mass, will have their velocity of 
retrogradation proportionally diminished. Thus, then, it 
is easy to conceive how a motion, similar to the preces- 

* That a perfect sphere would be so inert and indifierent as to a revo- 
lution of the nodes of its equator under the influence of a distant attract- 
ing body appeals from this — ^that the direction of the resultant attraction 
of such a body, or of that single force which, opposed, would neutralize 
and destroy its whole action, is necessarily in a line passing through the 
centre of the sphere, and, therefore, can nave no tendency to turn the 
sphere one way or other. It may be objected by tJie reader, that the 
whole sphere may be (kinceived as consisting of rings parallel to its 
equator, of every possible diameter, and that, therefbre, its nodes should 
retrograde even without a protuberant equator. The inference is in- 
correct, but our limits will not allow us. to go into an exposition of the 
fallacy. We should, however, caution him, generally, that no dynamical 
sulrject is open to more mistakes of this und which nothing out Ure 
cloMst attention, in every varied point of view, «riU dote«;r 
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sion of the equinoxes, and, like tl, characterized by ex- 
treme elowneBS, will aiisc from the causes in action. 

(524.) Now a receaa of the node of the earth's equa- 
tor, upon a given plane, corresponds to a conical motion 
of its a^B round a perpendicular lo that plane. But in the 
ease before us, thai planr: is not the ecliptic, but the moon's 
orbit for the time bein^ ; and il loay be asked how we 
are to reconcile this with what i^ stated in art. 266. re- 
specting the nature of the moliou i question. To this 
we reply, that thenedes of the lunar orbit, beingin a state 
of continual and rapid relrogradati>in, m'uIc its inclination 
is preserved nearly invariable, the point in the sphere of 
the heavens round which the pole of the earth's axis re- 
volves (with that extreme slowness characteristic of the 
precession) is itself in a state of continual circulation 
round the pole'of the ecliptic, with that much more rapid 
motion which belongs to llie lunar 
node. A gla.nce at the annexed 
figure will explain this better than 
words. P is the pole of the eclip- 
tic, A the pole of the moon's orbit, 
moving round llie small circle 
ABCD in 19 years ; a ihe pole of 
the earth's eijualor, which at each 
moment of its progress has a direc- 
tion perpendicular to the varying 
^ position of the line Aa, and a velih 
■' city depending on the varying in- 
tensity of the acting causes during 
" ■"' the period of the nodes. This ve- 

locity, however, being extremely small, when A comes 
loB,C,D, E, the line Aa will have taken up the positions 
06, Cc, D'l, Ee, and the earth's pole a will thus, in one 
tropical revolution of the node, have arrived at e, having 
described not an exactly circular arc, but a single undu- 
'ation of a wave-shaped or epicycloidal curve, ab c de, 
with a velocity alternately greater and less than its mean 
motion, and this will be repeated in every succeeding 
revolution of the node. 

(52&.) Now thi'. is precisely the kind of motion which, 
aa we have seen m art. 273, the pole of the earth's equa- 
tor reaj'/ has ivund the pole of the ecliptic, in conae 
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quence of the joint effects of precession and nutation 
which are thus uranographically represented. If we 
superadd to the effect of lunar precession that of the so* 
lar, which alone would cause the pole to describe a circle 
uniformly about P, this will only affect the undulations 
of our waved curve, by extending them in length, but 
will produce no effect on the depth of the waves, or the 
excursions of the earth's axis to and from the pole of the 
ecliptic. Thus we see that the two phenomena of nu- 
tation and precession are intimately connected, or rather, 
both of them essential constituent parts of one and the 
same phenomenon. It is hardly necessary to state that 
a rigorous analysis of this great problem, by an exact as- 
timation of all the acting forces and summation of their 
dynamical effects,* leads to the precise value of the co- 
efficients of precession and nutation, which observation 
assigns to them. The solar and lunar portions of the 
precession of the equinoxes, that is to say, those portions 
which are uniform, are to each other in the proportion 
of about 2 to 5. 

(526.) In the nutation of the earth's axis we have an 
example (the first of its kind which has occurred to us) 
of a periodical movement in one part of the system, 
giving rise to a motion having the same precise period 
in another. The motion of the moon's nodes is here, 
we see, represented, though under a very different form, 
yet in the same exact periodic time, by the 'movement 
of a peculiar oscillatory kind impressed on the solid 
mass of the earth. We must not let the opportunity pass 
of generalizing the principle involved in this result, as it 
is Que which we shall find again and again exemplified in 
every part of physical astronomy, nay, in every depart^ 
ment of natural science. It may be stated jeus '' the prin- 
ciple of forced oscillations, or of forced vibrations," and 
thus generally announced : — 

If one part of any system connected either by mate" 
rial ties, or by the mutual attractions of its members j 
be continually maintained by any cause, whether irtr 
herent in the constitution of the system or external to 
it, in a state of regular periodic motion, thai motion 
will be propagated throughout the whole system, and 

* Vide Prof. Airy's Mathematical Tracts, 2d ed. p 200, &o. 
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toill give rise in every member of it, and in every pafi 
of each member, to periodic movements execute in 
equal periods ivith that to which they owe their origin^ 
though not necessarily synchronous with them in their 
maxima and minima,* 

The system may be favourably or unfavonrably con- 
stitated for such a transfer of periodic movements, or 
favourably in some of its parts and nnfavouraUy in 
others ; and, accordingly as it is the one or the other, 
the deriva&ve oscillation (as it may be termed) will be 
imperceptible in one case, of appreciable magnitude in 
another, and even more perceptible in its visible effects 
than the original cause, in a third ; of this last kind we 
have an instance in the moon's acceleration to be here- 
after noticed. 

(527.) It so happens that our situation on the earth, 
and the delicacy which our observations have attained, 
enable us to make it, as it were, an instrument to feel these 
forced vibrations-— these derivative motions, communi- 
cated from various quarters, especially from our neai 
neighbour, the moon, much in the same way as we de 
tect, by the trembling of a board beneath us, the seer t 
transfer of motion by which the sound of an organ pipe 
is dispersed through the air, and carried down into the 
earth. Accordingly, the monthly revolution of the moon, 
and the annual motion of the sun, produce, each of them, 
small nutations in the earth's axis, whose periods are 
respectively half a month and half a year, each of which, 
in this view of the subject, is to be regarded as one' por* 
tion of a period consisting of two equal and similar parts. 
But the most remarkable instance, by far, of this propa- 
gation of periods, and one of high importance to man- 
kind, is that of the tides, which are forced oscillations, 
excited by the rotation of the earth in an ocean disturbed 
from its figure by the varying attractions of the sun and 
moon, each revolving in its own orbit, and propagating 
its own period into the joint phenomenon. 

(628.) The tides are a subject on which many persons 
find a strange difficulty of conception. That the moon, by 

* See a demonstration of this theorem for the forred vibrationi of sys- 
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her attraction, should heap up the waters of the ocean 
under her, seems to most persons very natural — ^that 
the same cause should, at the same time, heap them up 
on the opposite side, seems to many palpably absurd. 
Yet nothing is more true, nor indeed more evident, when 
we consider that it is not by her whole attraction, but by 
the differences of her attractions at the two surfaces and 
at the centre that the waters are raised — that is to say, 
by forces directed precisely as the arrows in our figure, 
art. 510, in which we may suppose M the moon, and P 
a particle of water on the earth's surface. A drop of 
water existing alone would take a spherical form, by 
reason of the attraction of its parts ; and if the same 
drop were to fall freely in a vacuum under the influence 
of an uniform gravity, since every part would be equally 
accelerated, the particles would retain their relative posi- 
tions, and the spherical form be unchanged. But sup- 
pose it to fall under the influence of an attraction acting 
on each of its particles independently, and increasing 
in intensity at every step of the descent, then the parts 
nearer the centre of attraction would be attracted more 
than the central, and the central than the more remote, 
and the whole would be drawn out in the direction of the 
motion into an oblong form ; the tendency to separation 
being, however, counteracted by the attraction of the 
particles on each other, and a form of equilibrium being 
thus established. Now, in fact, the earth is constantly 
falling to the moon, being continually drawn by it out 
of its path, the nearer parts more and the remoter less 
so than tlie central ; and thus, at every instant, the moon's 
attraction acts to force d&wn the water at the sides, at 
right angles to her direction, and raise it at the two ends 
of the diameter pointing towards her. Geometry corro- 
borates this view of the subject, and demonstrates that 
the form of equilibrium assumed by a layer of water 
covering a sphere, under the influence of the moon's at>- 
traction, would be an oblong ellipsoid, having the semi- 
axis directed towards the moon longer by about 58 inches 
than that transverse to it. 

(529.) There is never time, however, for this spheroid 
to be fully formed. Before the waters can take theii 

level, the moon has advanced in her orbit, both diurnal 

2C2 
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and monthly (for in Uiis ilieory il will answer tlie pur- 
pose of clearness bi'ttor if We suppone the earili'B diurnal 
motion Iransferrefl lo the sun and moon in the contrary 
direction), the vertex of the spheroid has shifted on the 
BEirlh's surfiice, nnd tlie ocean liss to sceic a new bearing. 
The eflect is lo produce an immensely broad and exces- 
siTcly flat wave (not a circulating current), which foUowSt 
or endeavours to follow, the apparent motions of the 
moon, and raual, in fact, if the principle of forced vibra- 
tions be true, imitate by equal, though not by synchro- 
nous, periods, all the periodical inequalities of that motion. 
When the higher or lower parts of this wave strike our 
coasts, they experience what we call high and low water. 
(530.) The sun also produces precisely such a wave, 
whose vertex tends to follow the apparent motion of the 
sun in the heavens, and also to imitate its periodic in- 
equalities. This aolar wave coosisls with the lunar — 
is sometimes superposed on it, somclimes transverse to it, 
BO as to partly neutralize it, according to the montlUy 
synodical configuration of the two luminaries. This al- 
ternate mutual reinforcement and destruction of the eolar 
:ind lunar tides cause what are called the spring and 
neap tides — the former being iheir cum, the latter their 
(lifference. Although the real amount of either tide is, 
at present, hardly within the reach of esact calculation, 
yet their proportion at any one place is probably not 
very remote from that of the ellipliuities which would 
belong to their respective spheroids, could an equilibrium 
be attained. Now these ell iptici tics, for the solar and 
lunar spheroids, are respectively about two and five feet ; 
so that the average spring tide will be to the neap as 7 
to 3, or thereabouts. 

i53I.) Another effect of the combination of the solar 
lunartides is what is called the priming and lagging 
of the tides. If the moon alone existed, and moved in 
the plane of the equator, the tide-day (i. e, the interval 
between two successive atrivals at the same place of the 
same vertex of the tide-wave) would be the lunar day 
fart. 115) formed by the (Combination of the moon's si- 
dereal period and that of the earth's diurnal motion. 
Similarly, did the sun alone exist, and move always oti 
the equator, the tide-day would be the mean solar day. 



» 
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The actual tide-day, then, or tlie interval of the occur- 
rence of two successive maxima of tlieir superposed 
waves, will vary as the separate waves approach to or 
recede from coincidence ; because, when the vertices of 
two waves do not coincide, their joinl height has its 
ma^timum at a point intermediate betwe^'n them. This 
variation from uniformity in the lengtlis of successive 
tide-days is particularly to be remarked tibout the time 
of the new and full moon. 

(532.) Quite different in its origin is that deviation of 
the time of high and low water at any port or harbour, 
from the culmination of the luminaries, or of the theo- 
retical maximum of their superposed spheri^ids, which 
is called the *' establishment" of that port. It the water 
were without inertia, and free from obstruction, either 
owing to the friction of the, bed of the sea — the narrow- 
ness of channels along which the wave has to travel be- 
fore reaching the port — their length, &c. <fec., the times 
above distinguished would be identical. But all these 
causes tend to create a difference, and to make that dif- 
ference not alike at all ports. The observation of the 
establishment of harbours is a point of great maritime 
importance ; nor is it of less consequence, theoretically 
speaking, to a knowledge of the true distribution of the 
tide waves over the globe.* In making such observa- 
tions, care must be taken not to confound the time of 
** slack water," when the current caused by the tide ceases 
to flow visibly one way or the other, and ihvii of high or low 
water, when the level of the surface ceases to rise or fall. 
These are totally distinct phenomena, and depend on en- 
tirely different causes, though it is Cfue they may some- 
times coincide in point of time. They are, it is feared, 
too often mistaken one for the other by practical men ; a 
circumstance which, whenever it occurs, must produce 
the greatest confusion in any attempt to reduce the sys- 
tem of the tides to distinct and intelligible laws. 

(533.) The declination of the sun and moon materially 

* The recent investigations of Mr. Lubbock, and those highly interest- 
ing ones in which Mr. Whewell is understood to be engaged, will, it is 
to be hoped, not only throw theoretical light on the VBjy obscure sub- 
ject of 'the tides, but (what is at present quite as much wanted) arouse 
the attention Of observers, and at the same time give it ttiat right direc 
tion, by pointing <Mit M^at ought to be observed, without which all obser 
vation is lost labour. 
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affects the tides at any paiiicaLar «poL As ihe fertex of 
the tide-wave tends U» place iiself verUcaUy Doder ibe 
lumioary wtuch produces it, nhen this vertical changes 
its point of incidence ou tiic surface, the tide-wave must 
tend to shift accordingly, and thus, by monthly and an- 
nual periods, mast lend to increase and diminish alter- 
nately the principal tides. The period of the moon's 
nodes is thus introduceiJ iiiio iliis subject ; her excursions 
in declination in one p;in nf dial period being 29% and 
in another only 17°, on '.iilicr side ihe equator. 

(534.) Geoiaelry deiiuiiiBiniteB thai the efficacy of a 
luminary in raising tid<.'s :s iiivt^riiely proportional la ihe 
cube of its distance. Tin.- fuu and moon, however, by 
reason of the ellipticiiv uf tliiiir oxbiis, are alternately 
nearer to and fartlier (r.ni\ die earlli than iheir mean dis- 
tances. In coDsequeU'i'c uf iliis, ibe iHTicac}' of tbe sua 
will fluctuate between, ilie extremea 19 and 21, taking 
20 for its mean value, and that of the moon between 43 
and 59. Taking into account llus cause of difierence, 
the highest spring tide will be to the lowest neap as 59 
+21 to 43 — 19, or as 60 to 24. or 10 to 3. Of all the 
causes of differences in tbe lieight of tides, however, 
local situation is the most influential. In some places, 
the tide-wave, rushing up a narmw channel, is suddenly 
raised to an extraordinLiry hei;^ht. At Annapolis, for 
OEtance, in the Bay of F'unilv, it is said to raise 120 
feet.* Even at Bristol, liic dilTerencc of high and low 
water occasionally amounts to 50 feel. 

(535.) The action of the sun and moon, in like man 
Iter, produces tides iu tbe silmosphere, wliich delicate 
observations have been able to render sensible and niea- 
surable. This effect, however, is extremely minute. 

(530.) To return, now, to the planetary perturbations, 
lict us next consider tlie changes induced by their mu- 
tual action on the magnitudes and forms of their orbits, 
and in tiieir positions therein in different situations will) 
rcs|ieet to each other. In the first place, however, it 
will be proper to explain the conventions under which 
geometers and astronomers have alike agreed to use the 
language and laws of the elliptic system, and to continuu 
to apply them to distuibed orbits, although those orbiis 

• Roliiion'i LeeliirM rjn MedhnJiical Philixophy. 
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lEK) disturbed are no longer, in mathematical strictness, 
ellipses, or any known curves. This they do, partly on 
account of the convenience of conception and calcula- 
tion which attaches to Uiis system, but much more for 
this reason^-^that it is found, and may be demonstrated 
from the dynamical relations of the case, that the de- 
parture of each planet from its ellipse, as determined at 
any epoch, is capable of being truly represented, by sup- 
posing the ellipse itself to be slowly variable; to change 
its magnitude and eccentricity, and to shift its position 
and the plane in which it lies according to certain laws, 
while the planet all the time continues to move in this 
ellipse, just as it would do if the ellipse remained in- 
variable and the disturbing forces had no existence. By 
this way of considering the subject, the whole permanent 
effect of the disturbing forces is regarded as thrown upon 
^e orbit, while the relations of the planet to that orbit 
remain unchanged, or only liable to brief and compara- 
tively momentary fluctuation. This course of procedure, 
indeed, is the most natural, and is in some sort forced upon 
us by the extreme slowness with which the variations 
of the elements develope themselves. For instance, the 
fraction expressing the eccentricity of the earth's orbit 
changes no more Sian 0*00004 in its amount in a cen- 
tury ; and the place of its perihelion, as referred to the 
sphere of the heavens, by only 19' 39" in the same 
time. For several years, therefore, it would be next to 
impossible to distinguish between an ellipse so varied 
and one that had not varied at all ; and in a single revo- 
lution, the difference between the original ellipse and 
the curve really represented by the varying one, is so 
excessively minute, that if accurately drawn on a table, 
six feet in diameter, the nicest examination with mi- 
croscopes, continued along the whole outlines of the two 
curves, would hardly detect any perceptible interval be- 
tween them. Not to call a motion so minutely conform- 
ing itself to an elliptic curve, elliptic, would be affecta- 
tion, even granting the existence of trivial departuies 
alternately on one side or on the other ; though, on the 
other hand, to neglect a variation, which continues to 
accumulate from age to age, till it forces itself on our 
notice, would be wilful blindness. 
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(637.) Cieometprs, ilien, have agreed in each single 
^volution, or for any moiierale iiilerval of time, to re- 
■gBxd the motion of eai^h planet as elliptii;, and perfor 
accOTding lo Kepler's Inws, with preserve in favour of 
ceitaia very small and transient fluctuations, but at the 
aame time to regard all the dementt of each ellipse as 
ia » continual, though extremely slow, stale of change; 
and, in tracing the effects of perturbation on the syslem, 
Aey take account principally, or entirely, of this change 
of die elements, as that upon which, after all, any mate- 
rial change in the great features of the system will ulti- 
mately depend. 

(538.) And here we encounter the distinction between 
what are termed secular variations, and such as are ra- 
pidly periodic, and are compensated in short inleryals. 
In our exposition of the variation of the inclination of a 
disturbed orbit (art. 514), for instance, we showed that, 
in each single revolution of the disturbed body, the plane 
of its motion underwent fluctuations to and fro in its 
inclination to that of the disturbing body, which nearly 
compensated each other; leaving, however, a portion 
outstanding, which again is nearly compensated by the 
revolution of the disturbing body, yet still leaving out- 
standing and uncompensated a minute portion of the 
change, which requires a whole revolution of the node 
to compensate and bring it back to an average or mean 
value. Now, the two first compensations which are 
operated by the planets going through the succi 
configurations with each other, and therefore ii 
ratively short periods, are called periodic va 
and the deviations thus compensated are called incqua- 
lilieg depending on conjiguralions ; while the last, 
which is operated by a period of the node, (one of the 
elements), has nothing to do with the configurations of 
the individual planets, requires an immense period of 
time for its consummation, and is, therefore, distinguish 
ed from the former by the terra secular variation. 

(539.) It is true, that, to afford an exact representation 
of the motions of a disturbed body, whether planet oi 
satellite, both periodical and secular variations, with 
their corresponding inequalities, require to be express- 
ed ; and, indeed, the former oven more than the latter , 
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seeing that the secular inequalities are, in fact, nothing 
but what remains after the mutual destruction of a much 
larger amount (as it very often is) of periodical. But 
these are in their nature transient and temporary : they 
disappear, and leave no trace. The planet is tempora- 
rily drawn from its orbit (its slowly varying orbit), but 
forthwith returns to it, to deviate presendy as much the 
other way, while the varied orbit accomodates and ad- 
justs itself to Ihe average of these excursions on either 
side of it; and thus continues to present, for a succes- 
sion of indefinite ages, a kind of medium picture of all 
that the planet has been doing in their lapse, in which 
the expression and character is preserved ; but the in- 
dividual features are merged and lost. These periodic 
inequalities, however, are, as we have observed, by no 
means to be neglected, but they are taken account of by 
a separate process, independent of the secular variations 
of the elements. 

(540.) In order to avoid complication, while endea- 
vouring to give the reader an insight into both kinds of 
variations, we shall henceforward conceive all the orbits 
to lie in one plane, and confine our attention to the case 
of two only, that of the disturbed and disturbing body, 
a view of the subject which (as we have seen) compre- 
hends the case of the moon disturbed by the sun, since 
any one of the bodies may be regarded as fixed at plea- 
sure, provided we conceive all its motions transferred in 




a contrary direction to each of the others. Suppose, 
therefore, S to be the central, M the disturbing, and P 
the disturbed body. Then the attraction of M acts on 
P in the direction PM, and on S in the direction SM 
And the disturbing part of M's attraction, being the dif- 
ference only of these forces, will have no fixed direction, 
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but will acton P very differently, according to the configu- 
rations of P and M. It will therefore be necessary, in 
analyzing i(0 effect, to resolve it, according' to mechani- 
ral principles, into forces acting according to aome cer- 
tain dicectiona ; viz- along the radius vector SP, and per- 
pendicular lo it. The simplest way to do ihia, is to resolve 
the attractions of M on both S and P in these directions, 
and lake, in both caafis, their difference, which is the dis- 
turbing part of M's effect. In this eatimation, it will be 
found then tliat two distinct disturlung powers originate ; 
one, which we shall call the langentiai force, acting in 
the direction PQ, perpcndiciJar to SP, and therefore in 
that of a tangent lo the orbit of P, supposed nearly a cir- 
cle — the other, which may be called the radiai disturbing 
force, whose direction is always either lo or from S. 

(541.) It ia the former alone (art. 410) which disturbs 
the equable description of areas of P about S, and in 
therefore the chief cause of ils angular deviations from 
the elliptic place. For the equable description of areas 
depends on no particular law of central force, but only 
requires that the acting force, whatever it be, should be 
directed to the centre ; whatever force doee not conform 
to this condition, must disturb the areas. 

(S42.) On the other hand, the radial portion of the dis- 
turbing force, though, being always directed lo or from 
the centre, it does not affect the equable description of 
areas, yet, as it does not conform in ils law of variation 
to that simple law of gravity by which the elUplic figure 
of the orbits is produced and maintained, has a tendency 
to disturb this form ; and, causing the disturbed body P, 
now to approach the centre nearer, now to recede farther 
fromit, than thelawsof elliptic motion would warrant, and 
to have its points of nearest approach and farthest recess 
otherwise situated than they would be in the undisturbed 
orbit, tends to derange the magnitude, eccentricity, and 
position of the axis of P's ellipse. 

(543.) If we consider the variation of the tangential 
force in the different relative poaiiiona of M and P, we 
shall find that, generally speaking, it vanishes when P is 
at A or C, see Jig. lo art. 540, i. e. in conjunction with 
M, and also at two points, B and D, where M is equi- 
distant from S and P (or very nearly in llie quadratures of 
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P with M); and that, 'between A and B, or D, it tends to 
urge P towards A, while, in the rest of the orbit, its 
tendency is to urge it towards O. Consequently , the 
general effect will be, that in P's progress through a com- 
plete synodical revolution round its orbit from A, it will 
first be accelerated from A up to B — ^thence retarded till 
it arrives at C — ^thence again accelerated up to D, and 
again retarded till its re-arrival at the conjunction A. 

(544.) If P's orbit were an exact circle^ as well as M^s, 
it is evident that the retardation which takes place during 
the description of the arc AB would be exacdy compen- 
sated by the acceleration in the arc DA, these arcs being 
just equal, and similarly disposed with respect to the 
disturbing forces ; and similarly, that the acceleration 
through the arc BC would be exactly compensated by 
the retardation along CD. Consequently, on the ave- 
rage of each revolution of P, a compensation would take 
place ; the period would remain unaltered, and all the 
errors in longitude would destroy each other. 

(545.) This exact compensation, however, depends 
evidently on the exact symmetry of disposal of the parts 
of the orbits on either side of the line CSM . If that 
symmetry be broken, it will no longer take place, and in- 
equalities in P's motion will be produced, which extend 
beyond the limit of a single revolution, and must await 
their compensation, if it ever take place at all, in a re- 
versal of the relations of configuration which produced 
them. Suppose, for example, that the orbit of P being 
circular, that of M were elUptic, and that, at the moment 
when P set out from A, M were at its greatest distance 
from P ; suppose, also, that M were so distant as to 
make only a small part of its whole revolution daring a 
revolution of P. Then it is clear that, during the whole, 
revolution of P, M's disturbifig force would be on the 
increase by the approach of M, and that, in consequence, 
the disturbance arising in each succeeding quadrant of ■ 
its motion, would over-compensate that produced in the 
foregoing ; so that, when P had come round again to its 
conjunction with M, there would be found on die whole 
to have taken place an over-compensation in favour of - 
an acceleration in tlie orbitual motion. This kind of sie^' 
tion would go on so long as M continued to approach S ; 

2D 
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but when, in the progress of its elliptic motion, it began 
agaia to recede, the reverse effect would take place, and a 
retardation of P's orbitual motion wouLii happen ; and so 
on alternately, until ai length, in the average of a great 
many revtdutions of M, in which the place of P in its 
ellipse at the moment of conjunction should have been 
situated in every variety of distance, and of approach 
and recess, a compensation of a higher and remoter order, 
among all those successive over and under-compensa- 
ttons, would have taken place, and a mean or average 
angular motion would emerge, the same as if no disturb- 
ance had taken plaoe. 

(546.) The case is only a little more complicated, but 
the reasoning very nearly similar, when the orbit of the 
disturbed body is supposed elliptic. In an elliptic orbit, 
the angular velocity is not uniform. The disturbed body 
then remains in some parts of its revolution longer, in 
others for a shorter lime, under the ioiluence of ibe ac- 
celerating and retarding tangential forces, than is neces- 
sary for an exact compeuaation ; independent, then, of 
any approach or recess of M, there would, on (his account 
alone, take place an over or under-compensation, and a 
surviving, unextinguished perturbation at the end of a 
synodic period ; nnd, if the conjunctiona always took 
place on the same point of P's ellipse, this cause would 
constantly act one way, and an inequality would arise, 
having no compensation, and which would at length, and 

Sermaneutty, change the mean angular motion of P. 
ut this can never be the case in the planetary system. 
The mean motions (t. e. the mean angular velocities) of 
^e planela in their orbits, are incommensurable to one 
another. There are no two planets, for instance, which 
perform their oAj'ila in times exactly double, or triple, 
the one of the other, orof which the one performs exact- 
ly two revolutions while the other performs exactly three, 
or five, and so on. If there were, the case in point would 
arise. Suppose, for example, that the mean motions of 
the disturbed and disturbing planet were exactly in the 
proportion of two to five ; then would a cycle, consisting 
of five of the shorter periods, or two of the longer, bring 
them back exactly to the same con figuration. It would 
cause their conjunction, for instance, to happen once ir 
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eveiy such cycle, in the same precise points of their orbits, 
wMU m the intermediate periods of. the cycle Ihf other 
eoivBgufftlieiis kept shifting round. Thiis, thea^ would 
arise the very c««e we have been co^temidatingy and a 
permanent defa^gement would happen. 

(M7.) Now, 4^ottgh it is true that the meui notiona 
of no two planets are exactly eommensuratei, yet cases 
are not wanting m whidi there exists qn approach to this 
adjustment And, in particular, in the case of Jupitec 
and Satumr— that cycle we have taken f(Nr our example 
in the shove reasoning, viz. a cycle composed of five pe* 
riods of Jupiter and two of Saturn— ^altfaouffh it does not 
exactly bring about the Jtame ecmfiguration, does so pretty 
neaily. Five periods of Jupiter are 21^d8 days, ao^two 
periods of Satom 3^1518 £iys. The difference is only 
145 days, in which Jupiter describes, on an average, 12^, 
and Saturn about 5^, so that after the lapse of the former 
intervid they will only be 5^ from a conjunction in thf 
same parts of their orbits as before. If we calculate the 
time which will exactly bring about, <m the averag^^ 
three conjunctions of the two planets, we shall &id it ^ 
be 21700 days, their synodical period being 7268*4 daya. 
In tills interval Saturn will have described 8^ 6' in excess 
of two sidereal revolutions, and Jupiter the same angle 
in excess of five. Every third conjunction, thei^ wiU 
take place 8^ 6' in advance of the preceding, which is 
near enough to establish, not, it is tkue, an identity with, 
but still a fpceaX i^>i«oach to the case in question. The 
excess ef action, fat several such inpLe conjunctions (7 
or 8) in suecessiout will lie the same way, and at each 
of them the motion of P will be similarly influenced, so 
as to aecumnlate the effect upon its longitude ; thus gild- 
ing rise to an irregularity of considerable magnitude-^MMi 
very l^ig period, which is well known to astronomeaB 
by Uie name of the great inequality of Jupiter aaid Satuai. 

(548.) The arc 8'' 6' is contained 44^ times in the 
whole circumference of 360^ ; and accordingly, if we 
trace round this particular conjunction, we sbaU find it 
wiU return to the same point of the orbit in so many 
times 21760 days, or in 2648 years. But the conjunc- 
tion we are now considering, is only one out oif wree 
The other two will happen at points of the orbit alKHit 
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123° and 2 (6° dislani, and the.ae points also will advance 
by th? WMBe ore of B? 6' in 21760 daya. Consequently, 
ihe period of afl48 years will bring tliem all round, and 
in tnat interval eat'h of them will pass throngh that point 
of the two orbits from which we commenced; hence a 
conjunction (one or other of the three) will happen at 

^^Bt point once in one third of this period, or in 883 
yeara ; and Ihia is, therefore, the cycle in which the 
" peat inequality" would undergo its full compensation, 
(]id the elements of the orbits continue ail that time in- 
Tariable. Their, variation, however, is considerable in so 
long an interval ! and, owing to this cause, the period 
itself ia prolonged to about 918 years. 

(649.) We have selected this inequality as a proper 
instance of the acti.in of a tangential disturbing force, 
on account of its magnitude, the length of its period, 
and its high historiiral interest. U had long been re- 
marked by aatronomers, that on comparing together 
modern with ancient observations of Jupiter and Satnm, 
the mean motions of iheae planets did not appear to be 
uniform. The period of Saturn, for instance, appeared 
to have beeti lengthening throughout the whole of the 
seventeenth century, and that of Jupiter shortening — 
that is to say, the one [ilanet was constantly lagging be- 
hind, and the other getting in advance of its calculated 

> place. On the other hand, in the eigliteenth century, a 
process precisely the rovtrae seemed to be going on. It 
18 true, the whole reiardalions and accelerations observed 
were not very great ; but, as their influence went on 
accumulating, they produced, at length, material differ- 
ences between the observed and calculated places of 
both these planets, which, as they couid not then be ac- 
counted for by any theory, excited a high degre of atten- 
lion, and were even, at one time, too hastily regarded as 
almost subversive of the Newtonian doctrine of gravity. 
For a long while this difference haified every endeavour 
to account for it, (ill at length l.apkee pointed out ita 
cause in the near commensurabiliiy of the mean motions, 
as above shown, and succeeded in calculating its period 
and amount. 

(650.) The inequality in qncsiion amounts, at its 
m, to an alternate relardaliotiand acceleration of 
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about (f 49' in the longitude of 8aturn, and a corres- 
ponding acceleration or retardation of aboHl 4)1^^1 '• hi 
that of Jupiter. That an acceleration in the oM^||^M 
must necessarily be accompanied by a retardation m th^ 
other, «nd vice versA^ is evident, if we consider, that ac- 
tion and rea^ion being equal, and in contrary directions, 
whatever momentum Jupiter communicates to 8alani i% . 
the direction PM, the same momentum must Saturn caat^' 
municate to Jupiter in the direction MP. The one, there- 
fore, will be dragged forward, whenever the other is 
pulled back in its orbit. Geometry demonstrates, that, 
on the average of each revolution, the proportion in 
which this reaction will affect the longitudes of the two 
planets is that of their masses multiplied by the square 
roots of the major axes of their orbits, inversely, and thn 
result of a very intricate and curioas calculation is fahy 
confirmed by observation. 




(551.) The inequality in question would be much 
greater, were it not for the partial compensation which 
is operated in it in every triple conjunction of the planets. 
Suppose PQR to be Saturn^s orbit, and jE>^r Jupiter's; 
and suppose a conjunction to take place at Pp, on the 
line SA ; a second at 123^ distance, on the line SB ; a 
third at 246'' distance, on SO ; and the next at 868^, on 
SD. This last-mentioned conjunction, ts&ing i^aee 
nearly in the situation of the first, will produce nearly a 
repetition of the first effect in retarding or aeceleratiiig 
the planets ; but the other two, being in the most rmoote 
situations possible firom the first, wm happen under m- 
tirely different circumstances as to tiie poeition of the 
perihelia of the orbits. Now, we hare seen that a pte- 
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senlalion of the one planet lo ihe oiher in eonjnoction, 
in a variety u( eitustions, tends lo produce compenaatian ; 
will, in facl, the greateet possible amount of compensa- 
tian ivhic:h can be produced by only three configurations 
ia when they are thus equally distributed round the cen- 
tre. Three positiaua of conjunction compensate more 
^han two, four than three, and so on. Hence we see 
That it ia not the whole amount of perturbation, which is 
thus accumulated in each triple conjunction, but only 
that email part which is left uncompensated by the in- 
termediale ones. The reader, w' possesses alreadv 
some acquaintance with the subject. Mill not be at aloss 
lo perceive how this consideration is, in fact, equivalent 
to that part of the geometrical investigation of this in- 
equality which leads lis to secK its expression in 'terms 
of the third order, or involving the cubes and products 
of three dimensions of the eccentricities ; and how the 
continual accumulation of small quantities, during long 
periods, corresponds to what geometers intend when 
they speak of small terms receiving great accessions of 
magnitude by integration. 

(553.) Similar considerations apply to every case of 
approximate commensurability which can take place 
among the mean motions of any two planets. Such, for 
instance, is that which obtains between the mean motion 
of the earth and Venus — IS times the period of Venus 
being very nearly equal to 8 times that of the earth. 
This gives rise to an extremely near coincidence of every 
fifth conjanction, in the same parts of each orbit (within 
jJith part of a circumference), and therefore to a cor- 
respondingly extensive accumulation of tlie resulting nn- 
compansated perturbation. Bui, on the other hand, the 
part of the perturbation thus accumulated is only that 
which remains outstanding afler passing the equalizing 
ordeal of five conjunctions equally distributed round the 
circle ; or, in the language of geometers, is dependent 
on powers and products of the eccenlricilies and inclina- 
tione of the fifth order. It is, therefore, extremely mi- 
nute, and the whole resulting inequality, according to 
the recent elaborate calculations of professor Airy, lo 
whom it owes its detection, amounts lo no more than a 
Hl^J^^')^^' ^' '^ muucuuP). while its period ts no lean 
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than 240 years. This example will serve to show to 
what minuteness these inquiries have been carried in the 
planetary theory. 

(553.) In the theory of the moon, the tangential force 
gives rise to many inequalities, the chief of which is that 
called the variation, which is the direct and principal 
effect of that part of the disturbance arising from the al- 
ternate acceleration and retardation of the areas from the'' 
syzigies to the quadratures of the orbit, and vice versa, 
combined with the elliptic form of the orbit ; in confie- 
quence of which, the same area described about the 
focus will, in different parts of the ellipse, correspond to 
different amounts of angular motion. This inequality, 
which at its maximum amounts to about 37', was first 
distinctly remarked as a periodical correction of the moon's 
place by Tychi) Brahe, and is remarkable in the history 
of the lunar theory, as the first to be explained by New- 
ton from his theory of gravitation. 

(554.) We come now to consider the effects of that 
part of the disturbing force which acts in the direction of 
the radius vector, and tends to alter the law of gravity, 
and therefore to derange, in a more direct and sensible 
manner than the tangential force, the form of the dis- 
turbed orbit from that of an ellipse, or, according to the 
view we have tak n of the subject in art. 536, to produce 
a change in its magnitude, eccentricity, and position in 
its own plane, or in the place of its perihelion. 

(555.) In estimating the disturbing force of M on P, 
we have seen that the difference only of M's accelerative 
attraction on S and ^ P is to be regarded as effective as 
such, and that the first resolved portion of M's attraction, 
— that, namely, which acts at P in the direction PS^- 
not finding in the power which M exerts on P any cor- 
responding part, by which its effect may be nullified, is 
wholly effective to urge P towards S in addition to its 
natural gravity. This force is called the additilious part 
of the disturbing force. There is, besides this, another 
power, acting also in the direction of the radius SP, 
which is that arising from the difference of actions of M 
on S and P, estimated first in the direction PL, parallel 
to SMy and then Fcsolved into two forces ; one of which 
is the tangential force, already considered, in the direction 
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PK i the olher perpendicular lo it, or in liie direction PK. 
TniBpaTtorM'sactionta termed ihealilaliliouxioTce, be> 
cause it tends to dimmish the gravity of P towards S ; and 
it in tb^ excess of the one of these reBoli'cd portions ovei 
the other, which, in any assigned position of P and M, 
constitutes the radial part of tho disturbing force, and 
^respecting whose effects we are now about to reason. 
(556.) The estimation of these forces is a matter of no 
difficulty when the dimensions of the orbits are given, 
but they are too complicated in their expressions to find 
any place here. It will suffice for our purpose to point 
out their general tendency ; and, in the first place, we 
shall consider their mean or average effect. In order lo 
estimate what, in any one position of P, will be the 
mean action of M in all the situations it can l)old with 
respect to P, we have noihiag lo do but to suppose M 
broken up, and distributed in the fonn of a thin ring 
round the circumference o( its orbit. If we would take 
account of the elliptic motion of M, we might conceive 
the thickness of this ring, in its different parts, to be pro- 
portional to the time which M occupies in every pari of 
its orbit, or in the inverse proportion of its angular 
motion. But into this nicety we shall not go, but con- 
tent ourselves, in the first instance, with supposing- M's 
orbit circular an<l its motion uniform. Then it is clear 
that the mean disturbing elFcct on P will be the difference 
of attractions of that ring on the two points P and S, of 
which the latter occupies its centre, the former is ec- 
centric. Now the attraction of a ring on its cenb^ is 
manifestly equal in all directions, and therefore, estimated 
in any one direction, is zero. On the other hand, on a 
point P out of its centre, ii' wilhin (he ring, the resulting 
attraction will always be outwards, towards the nearest 
point of the ring, or directly from the centre.* But if P 
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lie without the ring, the resulting force will act always 
inwards, urging P towards its centre. Hence it appears 
that the mean effect of the radial force will be different 
in its direction, according as the orbit of the disturbing 
body is exterior or interior to that of the disturbed. In 
the former case it will diminish, in the latter will in- 
crease, the central gravity. 

(667.) Regarding, stiU, only the mean effect, as pro- 
duced in a great number of revolutions of both bodies, it 
is evident tliat an increase of central force must be ac- 
companied with a diminution of periodic time, and a 
contraction of dimension of the orbit of a body revolving 
with a stated velocity, and vice versa. This, then, is the 
first and most obvious effect of the radial part of the dis- 
turbing force. It alters permanently, and by a certain 
mean and invariable amount, the dimensions of all the 
orbits and the periodic times of all the bodies composing 
the planetary system, from what they would be, did each 
planet circulate about the sun uninfluenced by the at- 
traction of the rest ; the angular motion of the interior 
bodies of the system being thus rendered less, and those 
of the exterior greater, than on that supposition. The 
latter effect, indeed, might be at once concluded from this 
obvious consideration — ^that all the planets revolving in- 
teriorly to any orbit may bo considered as adding to the 
general aggregate of the attracting matter within, which 
is not the less efficient for being distributed over space, 
and maintained in a state of circulation. 

bases of both the cones, or pjnramids, be similar and equally inclined to 
their axes. Therefore their areas will be to each other as the squares of 
their distances from the common apex. Therefore their attractions on it 
will bd equal, because the attraction is as the attracting matter directly, 
and the square of its distance inversely. Now, these attractions act m 
opposite directions, and, therefore, counteract each other. Therefore, 
me point is in equilibrium between them ; and as the same is true of 
every such pair of areas into which the sj^erical shell can be broken up, 
therefore the point will be in equilibrium, however situated within such a 
spherical shell. Now ti^e a ring, and treat it similarly, breaking its 
circumference up into pairs of elements, the bases of triangles formed by 
lines passing through the attracted point Here the attracting elements, 
bein^ lines, not surf aces, are in the simple ratio of the distances, not the 
dujohccUe^ as they should be to maintain the equilibrium. Therefore it 
will not be maintained, but the nearest elements will have the supe- 
riority, and the point will, on the whole, be urged towards the nearest 
))art oi the ring. The same is true of every linear ring, and is, theref()re, 
true of any assemblage of concentric onas forming a flat annnlus, like the 
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(658.) This effoci, however, is one which we have no 
means of measuring, or even of deteciing, otherwise than 
by calculation. For our knowledge of the periods of 
the planets, and the dimensions of their orbits, is drawn 1 
from obaervationa made on them in their actual state, aa4 f 
therefore, under the influence of this conslanl pari of 
the perlurbative action. Their observed ujean motiona ] 
are, therefore, aflecled by the whole amount of its in- 
fluence ; and vie have no means of distin^ishing' this 
from the direct effect of the sun's attraction, with which 
it is blended. Our knowledge, however, of ]he masses 
of the planets assures us that it is extremely small ; and 
this, in fact, is all which it is at all Important to us to 
know, in the theory of their motions, 

(559.) The action of the sun upon the moon, in like 
manner, tends, by its mean influeoce during many suc- 
cessive revolutions of botli bodies, lo dilate permanently 
the moon's orbit, and increase her periodic time. Bnt 
this general average is not established, either in the oase 
of the moon or planets, without a series of subcffdin&le 
fluctuations due to the elliptic forms of their orbits, wbiek 
we have purposely neglected to take account of in the 
above reasoning, and which obviously tend, in the averaga 
of a great multitude of revolutions, to neutralize eadh I 
other. In the lunar theory, however, many of theas J 
subordinate fluctuations are very sensible to observation, j 
and of great importance to a correct knowledge of beg 1 
motions. For example : — The sun's orbit (referred to 1 
the earth as fixed) ia elliptic, and requires thirteen lunar> J 
tions for its description, during which the distance of r 
the sun undergoes an alternate increase and diminutioB, 1 
each extending over at least six complete lunationoa 1 
Now, as the sun approaches the earth, its disturbinc I 
forces of every kind are increased in a high ratio, and I 
tJi'ce versa. Therefore the dilatation it produces on th« 
lunar orbit, and the diminution of the moon's periodic 
time, will be kept in a continual state of fluctuation, io- 
creasing as the sun approaches its perigee, and dimi- I 
nishing as it recedes. And this is consonant to fact — ^tho t 
observed difference between a lunation in January (when I 
the sun is nearest the earth) and in July (when it i 
farthest) being no loss than 35 minutes 
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(560.) Another very remarkable and important efiect 
ef this canse, in one of its subordinate fluctuations (ex- 
tendingy however, over an immense period of time), is 
what is called the secular acceleration of the moon'a 
fneon motion. It had been observed by Dr. Halley, on 
comparing together the records of the most ancient lu- 
nar eclipses of the Chaldean astronomers with thoste of 
modem times, that die period of the moon's revolution 
at present is sensibly shorter than at that remote epoch ; 
and this result was confirmed by a further comparison 
of both sets of observations with those of the Arabian aa- 
tronomers of the eighth and ninth centuries. It appear- 
ed from these comparisons, that the rate at which the 
moon's mean motion increases is about 1 1 seconds per 
century — a quantity small in itself, but becoming consi- 
derable by its accumulation during a succession of ages. 
This remarkable fact, like the great equation of Jupiter 
and Saturn, had been long the subject of toilsome inves- 
tigation to geometers. Indeed, so difficult did it appear 
to raider any exact account of, that while some were on 
the point of again declaring the theory of gravity inade- 
quate to itr explanation, others were for rejecting altoge- 
ther the evidmice on which it rested, although quite as 
satisfactory as that on which most historical events are 
credited. It was in this dilemma that Laplace once more 
stepped in to rescue physical astronomy from its re- 
proach, by pointing out the real cause of the phenome-* 
non in question, which, when so explained, is one of the 
most curious and instructive in the whole range of our 
subject— one which leads our speculations further into 
the past and future, and points to longer vistas in the dim 
perspective of changes which our system has undergone 
and is yet te undergo, than any other which observation 
assisted by theory has developed. 

(561.) If the solar ellipse were invariable, the alter- 
nate dilatation and contraction of the moon's orbit, ex- 
plained in art. 559, would in the course of a great many 
revolutions of the sun, at length effect an exact com- 
pensation in the distance and periodic time of the moon, 
by bringing every possible step in the sun's change of 
distance to correspond to every possible elongation of 
the moon from the sun in her orbit. But this is not, in 
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fact, the case, Vhe solar eclipse it kept (as we have al- 
reaily hinted in art. 536, and as we shall very soon ejt- 
plain more fully) in a continual but exoeesively slow 
state of change, by the action of the planets on the earth. 
Its axis, it is true, reinaina unaltered, but its eeoenlrieily 
is,' and has been since the earliest ag^s, diminishing j 
' and this diminution will continue (there is Utile reason 
1o doubt) till the eccentricity is annihilated aliogsiber, 
and the earth's orbit becomes a perfect circle ; after 
which it will again open out into an ellipse, the eccen 
tricity will again increase, attain a certain moderate 
amount, and then a^in decrease. The lime required for 
these revolutions, though calculable, has not been caJCQ' 
lated, further ihan to satisfy us that it is not to be reck- 
oned by hundreds or by thousands of years. It is a pe- 
riod, in short, in which ^e whole history of astronomy 
and of the human race occupies but as ii were a point, 
during which all its changes are lo be regarded as uni- 
form. Now, it is by this variation in the eccentricity of 
-the earth's orbit that the secular acceleration of the naoOQ 
ifl caused. The eompenaation above spoken of (which, 
if. the solar ellipse remained unaltered, would be effec^ 
ed in a few years or a few centuries at furthest in the 
mode already stated) will now, we see, be only imper- 
fecily efl'ected, owing to this slow shifting of one of the 
essential data. The steps of restoration are no longei 
identical with, nor equal lo, those of change. The same 
reasoning, in short, applies, witli that by wliich we ex- 
plained the long inequalities produced by the tangential 
force. The slniggle up hill is not maintained on equal 
terms wilh Ihe downward tendency. The ground is all 
the while slowly sliding bene atli the feel of the antagonists. 
During the whole time that the earlli's eccentricity is 
diminishing, a preponderance is given to the action over the 
reaction ; and it is not till that diminution shall cease, that 
the tables will be tnmed, and the process of ultioiate re- 
fftoration will eommeace. Meanwhile, aminute, outstand- 
ing, and uncompensated effect is left at each recurrence, 
-or near recurrence, of the same configurations of the sun, 
the moon, and the solar and lunar perigee. These ac- 
cumulate, influence llie niooii's periodic lime and mean 
motiiin, and thus lieroming repealed in every lunation, 

> 



CHAF. XI.] THE moon's SECULAR ACCELERATION. 835 

at length affect her longitude to an extent not to be over- 
looked. 

(562.) The phenomenon of which we r ave now 
given an account is another and very striking example of 
the propagation of a periodic change from one part of a 
system to another. The planets have no direct, appre- 
ciable action on the lunar motions as referred to the e!fcrth. 
Their masses are too small, and their distances too great, 
for their difference of action on the moon and earth, ever 
to become sensible. Yet their effect on the earth's orbit 
is thus, we see, propagated through the sun to that of the 
moon; and what is very remarkable, the transmitted 
effect thus indirectly produced on the angle described by 
the moon round the earth is more sensible to observa- 
tion than that directly produced by them on the angle 
described by the earth round the sun. 

(563.) The dilatation and contraction of the lunar and 
planetary orbits, then, which arise from the action of the 
radial force, and which tend to affect their mean mo- 
tions, are distinguishable into two kinds ; — the one per- 
manent, depending on the distribution of the attracting 
matter in the system, and on the order which each pla- 
net holds in it ; the other periodic, and which operates 
in length of time its own compensation. Geometers 
have demonstrated (it is to Lagrange that we owe this 
most important discovery) that, jbesides these, there ex- 
ists no third class of effects, whether arising from the 
radial or tangential disturbing forces, or from their com- 
bination, such as can go on for ever increasing in one di- 
rection without self-compensation ; and, in particular, 
that the major axes of the planetary ellipses are not lia- 
ble even to those slow secular changes by which the in- 
clinations, nodes, and all the other elements of the sys- 
tem, are affected, and which, it is true, are periodic, but 
in a different sense from those long inequalities which 
depend on the mutual configurations of the planets inter 
86, Now, the periodic time of a planet in its orbit about 
the sun depends only on the masses of the sun and pla- 
net, and on the major axis of the orbit it describes, with- 
out regard to its degree of eccentricity, or to any other 
element. The mean sidereal periods of the planet*, 
therefore, such as result from an average uf a sufficient 
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ntnnber of revolntions to ailov/ of the compensalioa of 
the laat-men lion eil inequnlilies, are unalterable by lapse 
of time. The length of the Hjdereal year, for example, 
if concluded at this present time from observationa em- 
bimctng a thoiisand revolutions of the earth round the 
son (luch, in short, as we now possess it), is the same 
widl that which (if we can stretch our imagination bo 
fcr) must result from a similar comparison of obaerva- 
tionB made a m>Uion of years hence. 

(664.) I'his theorem is justly regarded as the most 
important, as a single result, of any which have hitherto 
rewarded the researcfies of mathematicians. We shall, 
Uierefore, endeavour to make clear to our readers, at 
least the principle on which ils demonstration rests ; and 
although ihe complete application of that principle can- 
not be satisfactorily made without entering into details 
of calculation incompatible with our objects, we shall 
have no difficulty in leading them up to that point where 
those details must be entered on, and in giving such an 
insight into their general nature aa will render it evident 
what must be their results when gone through. 

(565.) It is a property of elliptic motion performed 
under the influence of gravity, and in conformity with 
Kepler's laws, that if tlie velocity with which a planet 
moves at any point of its orbit be given, and also the 
distance of that point from the sun, the major axis of the 
orbit is thereby also given. It is no matter in what 
direction the planet may be moving at that moment. Thifl 
will influence the eccentricity and the position of ils 
ellipse, but not its length. This property of ellipdo 
motion has been demonstrated hy Newton, and is one of 
the most obvious and elementary conclusions from his , 
theory. Let ua now consider a planet describing an in- 
definitely small arc of its orbit about the sun, under the 
joint influence of its attraction, and the disturbing power 
of another planet. This arc will have some certain cur- 
vature and direction, and, therefore, may be considered 
as an arc of a certain eliipse described about the aun as 
3 focus, for this plain reason — that whatever be the 
curvature and direction of the arc in question, an ellipse 
may always be assigned, whose focus shall be in tiie sun, 
ana which shall coincide with it throughout the whole 
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interval (supposed indefinitely small) between its extreme 
points. This is a matter of pure geometry. It does not 
follow, however, that the ellipse thus instantaneously 
determined will have the same elements as that similarly 
determined from the arc described in either the previous 
or the subsequent instant. If the disturbing force did not 
exist, this would be the case ; but, by its action, a vari- 
ation of the elements from instant to instant is produced, 
and the ellipse so determined is in a continual state of 
change. Now, when the planet has reached the end of 
the small arc under consideration, the question whether 
it will in the next instant describe an arc of an eUipse 
having the same or a varied axis will depend, not on the 
/lew direction impressed upon it by the acting forces— 
for the axis, as we have seen, is independent of that 
direction — not on its change of distance from the sun, 
while describing the former arc — for the elements of 
that arc are accommodated to it, so that one and the same 
axis must belong to its beginning and its end. The 
question, in short, whether in the next arc it shall take 
up a new major axis, or go on with the old one, will de- 
pend solely on this — whether the velocity has undergone, 
by the action of the disturbing force, a change incom- 
patible with the continuance of the same axis. We say 
by the action of the disturbing force, because the central 
force residing in the focus can impress on it no such 
change of velocity as to be incompatible with the per- 
manence of any ellipse in which it may at any instant be 
freely moving about that focus. 

(666.) Thus we see that the momentary variation of 
the major axis depends on nothing but the momentary 
deviation from the law of elliptic velocity produced by 
the disturbing force, without the least regard to the 
direction in which that extraneous velocity is impressed, 
or the distance from the sun at which the planet may be 
situated in consequence of the variation of the other 
elements of its orbit. And as this is the case at every 
instant of its motion, it will follow that, after the lapse 
of any time, however great, the amount of change which 
the axis may have undergone will be determined by the 
total deviation from the original elliptic velocity produced 
by the disturbing force ; without anvTegard to alterations 



whirh the action of ifazt [uiee may hare prodnced in tha 
other elements, except in so far a« the relocitj- isay be 
theieby modified. 'J~his je the point at which the exact 
eMimatian of die eflect must he intniateil to the calcu~ 
lationa of the giomel^r. We shall be 3t no loss, how- 
ever* to perceiic i)i3t these calculations can oolv ter- 
nunale in demonrlrating the periodic nature and ultimale 
compeniation of all the variations of ^e ajiia which can 
ihua ariae, when we consider that the circulation of two 
jdaneta about the euo, ia the same direction and in in- 
eommenaurable periods, cannot fail to ensure their pre 
•entation to each other in every state of approach and 
receta, and under every variety aa to iheir mutual diB- 
tance and the coiiaequeni intensity of their mutual action- 
Whatever velocity, then, may be generated in one by the 
disturbing action of the oiher, in one eilualion, will in- 
fallibly be destroyed by it in another, by the mere effect 
' of change of con tigura lion. 

f667.) It appears, then, that the variations in the 
major axes of the planetary orbits depend entirely on 
cycles of configuration, like the great inequality of Ju- 
piter and Saturn, or the long inequaiity of the Earth and 
Venus above expl;itned, which, indeed, may be regarded 
Ets due to such periodic variations of iheir axes. In fact, 
the mode in which we have seen those inequalities arise, 
from the accumulation of imperfectly compensated actions 
of the tangential force, brings them directly undei the 
above reasoning : since the efficacy of this force falls 
almost wholly upon the velocity of the disturbed planet, 
whose motion is always nearly coincident with or op- 
posite to its direction. 

(068.) Let us now consider the effect of perturbation 
in altering the ecceiitriciLy and the situation of the axis 
of the disturbed orbit in its own plane. Such a change 
of position (as we have observed in art. 318) actually 
tBkes place, although very slowly, in the axis of the 
earth's orbit, and much more rapidly in that of the 
moon's (art. aUO) ; and these luoicments we are now to 
account fur. 

(litiU.) The motion of llio apsides of the hinar and 
plaiielary orbits may be illusiraled by a very pretty me- 
ebanicHl rxpcTiimnt, which Li otlierwise instructive in 
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giving an idea of the mode in which orbitual motion is 
carried on under the action of central forces variable ac- 
cording to the situation of the revolving body. Let a 
leaden weight be suspended by a brass or iron wire to a 
hook in the under side of a firm beam, so as to allow of 
its free motion on all sides of the vertical, and so that 
when in a state of rest it shall just clear the floor of the 
room, or a table placed ten or twelve feet beneath the 
hook. The point of support should be well secured 
from wagging to and fro by the oscillation of the weight, 
which should be sufficient to keep the wire as tightly 
stretched as it will bear, with the certainty of not break- 
ing. Now, let a very small motion be communicated to 
the weight, not by merely withdrawing it from the ver- 
tical and letting it fail, but by giving it a slight impulse 
sideways. It will be seen to describe a regular ellipse 
about the point of rest as its centre. If the weight be 
heavy, and carry attached to it a pencil, whose point lies 
exactly in the direction of the string, the ellipse may be 
transferred to paper lightly stretched and gently pressed 
against it. In these circumstances, the situation of the 
major and minor axes of the ellipse will remain for a 
long time very nearly the same, though the resistance of 
the air and the stiffness of the wire will gradually di- 
minish its dimensions and eccentricity. But if the im- 
pulse communicated to the weight be considerable, so as 
to carry it out to a great angle (15° or 20° from the 
vertical), this permanence of situation of the ellipse will 
no longer subsist. Its axis will be seen to shift its 
position at every revolution of the weight, advancing ip 
the same direction with the weight's motion, by an uni 
form and regular progression, which at length will en- 
tirely reverse its situation, bringing the direction of the 
longest excursions to coincide with that in which the 
shortest were previously made ; and so on, round the 
whole circle ; and, in a word, imitating to the eye, very 
completely, the motion of the apsides of the moon's orbit. 
(670.) Now, if we inquire into the cause of this pro- 
gression of the apsides, it will not be difficult of de- 
tection. When a weight is suspended by a wire, v^A 
drawn aside from the vertical, it is urged to the lowest 

point (or rather in a direction at every instant perpen- 

2 £i 2 
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diculu to ihe wire) by a force wliich varies as ihe eiDe 
<»f the deviation ol the wire from llie perpendicular. 
Now, tlie sines of very small area are nearly in the pro- 
portion of the arcs iliemselves ; and the more uearly, as 
the arcs are smaller. If, therefore, the deviations from 
the vertical are so small that we may neglect the curvfr- 
tare of the apherioB.! surface in which the weight moves, 
knd regard the curve descrihed as coipcident with its pro- 
jection on a horizontal plane, it will he then moving 
under the same cirrumstiincea as if it were a revolving 
body attracted to a centre by a force varying directly at 
the distance ; and, in this case, the curve described would 
be an ellipse, having its centre of attraction not in the 
focuj, but in the c«nire," and the apsides of this ellipsa 
would remain fixed. But if the excursions of the weight 
from the vertical be considerable, the force urging il 
towards the centre will deviate in its law from the simple 
ratio of the distances ; being as the sine, while the dis- 
tances are as the arc. Now the sine, though it continues 
to increase as the arc increases, yet does not increase so 
fsflt. So soon as the arc has any sensible extent, the sine 
begins lo fall somewhat short of the magnitude wliich an 
exact numerical proponionality would require ; and 
therefore the force "urging the weight towards its centre 
or point of rest, at great distances falls, in like proportion, 
somewhat short of that which would keep the body in il6 
precise elliptic orbit. It will no longer, therefore, have, 
at those greater distances, tlie same command over the 
weight, in proportion to its speed, which would enable 




itW deflect it from its rectilinear tangential course into an 
ellipse. The true path which it describes will be lat 

• Newton, Princip. L 47. i ■' ■,- 
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curved in the remoter jjarts than is consistent wit.1 the 
elliptic figure, as in the annexed cut ; and, therefore, it 
will not SO soon have its motion brought to be again at 
right angles to the radius. It will require a longer con- 
tinued action of the central force to do this ; and before 
it is accomplished, more than a quadrant of its revolution 
must be passed over in angular motion round the centre. 
But this is only stating at length, and in a more circuitous 
manner, that fact which is more briefly and summarily 
expressed by saying that the apsides of its orbit are pro- 
gressive, 

(571.) Now, this is what takes place, mutatis mu- 
tandis^ with the lunar and planetary motions. The ac- 
tion of the sun on the moon, for example, as we have 
seen, besides the tangential force, whose efi'ects we are 
not now considering, produces a force in the direction 
of the radius vector, whose law is not that of the earth's 
direct gravity. When compounded, therefore, with the 
earth's attraction, it will deflect the moon into an orbit 
deviating from the elliptic figure, being either too much 
curved, or too little, in its recess from the perigee, to 
bring it to an apogee at exactly 180° from the perigee ; 
— too much, if the compound force thus produced de- 
crease at a slower rate than the inverse square of the 
distance (i. c. be too strong in the remoter distances) ; 
too little, if the joint force decrease faster than gravity, 
or more rapidly than the inverse square, and be therefore 
too weak at -the greater distance. In the former case, 
the curvature, being excessive, will bring the moon to 
its apogee sooner than would be the case in an elliptic 
orbit ; in the latter, the curvature is insufficient, and will 
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therefore bring it later to an apogee. In the former case^ 
then, the line of apsides will retrograde ; in the latter, 



advance. {See Jig, 1 and^s*. 2.) 
{b72.) Both these cases obtain i 



in diflferent configura- 
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liuns of the sun and moon, lu the syzigies, the effect 
of ihe Bun's attraction ia lo weiikuii ihc gravity of the 
earlli by a force, whose iaw of variation, instead of the 
inverse square, followB the direiM proportional relBtiaii 
of the distance ; while, in the quadratures, the rcTerse 
takes place — the whole effect of the radial dieturbiog 
force here conspiring with the earth's gravity, but the 
portion added being still, as in the former case, in tbe 
direct ratio of the distance. Therefore the motion of 
the moon, in and near the first of these situations, will 
be performed in an ellipse, whose apsides are in a state 
of advanc« ; and in and near (he latter, in a state of re- 
cess. But, as we have already seen (art. 556), ihe ave- 
rage eifecl arising from the mutual counteraction of these 
temporary values of the disturbing force gives the pre- 
ponderance to the ablatitious or enfeebling power. Ou 
the average, then, of a whole revolution, tlie lunar apo- 
gee will advance. 

(573.) The above reasoning renders a satisfactory 
enough general account of tlie advance of the lunar apo- 
gee J but it is not without considerable difficulty that It 
can be applied to determine numerically the rapidity of 
such advance : nor, when so applied, does it account for 
the whole amount of the movement in question, as as- 
signed by observation — not more, indeed, than about one 
half of it ; the remaining part is produced by the tan- 
gential force. It is evidenC that an increase of velocity 
in tlie moon will have the s:ime clTcnt in diminishing the 
curvature of its orbit as the dccrpase of central force, 
and vice versa. Now the direct effect of the tangential 
force is to cause a fluctuation of the moon's velocity 
above and below its elliptic value, and therefore an alter- 
nate progress and recess of the ppogee. Tiiis would 
compensate itself in each synodic revolution, were the 
apogee invanable. But this is not the case ; the apogee 
is kept rapidly advancing by t!ie action of the radial 
force, as above explained. An uncompensated portion 
of the action of the tangential force, therefore, remains 
outstanding (according to the reasoning already so often 
employed in this chapter), and this portion is so distri- 
buted over the orbit as to conspire with the former canae, 
and, in fact, nearly to double its effect This ia wiiat it 



OHAP. XI. j EOCENTRICITIES AND HBRIHELIA 343 

meant by geometers, when they say that this )tart of the 
motion of the apogee is due to the square of th« disturb- 
ing force. The eSect of the tangential force in disturb- 
ing the apogee would compensate itself, were it not for 
the motion which the apogee has already had impressed 
upon it by the radial force ; and we have here, therefore, 
disturbance reacting on disturbance. 

(674.) The curious and complicated effect of pertur- 
bation, described in the last article, has given more trou- 
ble to geometers than any other part of the lunar theory. 
Newton himself had succeded in tracing that part of the 
motion of the apogee which is due to the direct action 
of the radial force ; but finding the amount only half 
what observation assigns, he appears to have abandoned 
the subject in despair. Nor, when resumed by his suc- 
cessors, did the inquiry, for a very long period, assume 
a more promising aspect. On the contrary, Newton's 
result appeared to be even minutely verified, and the ela- 
borate investigations which were lavished upon the sub- 
ject without success began to excite strong doubts whe- 
ther this feature of the lunar motions could be explained 
at all by the Newtonian law of gravitation. The doubt 
was removed, however, almost in the instant of its ori- 
gin, by the same geometer, Clairaut, who first gave it 
currency, and who gloriously repaired the error of his 
momentary hesitation, by demonstrating the exact coin- 
cidence between theory and observation, when the effect 
of the tangential force is properly taken into the account. 
The lunar apogee circulates, as already stated (art. 360), 
in about nine years » 

(575.) The same cause which gives rise to the dis- 
placement of the line of apsides of the disturbed orbit 
produces a corresponding change in its eccentricity. 
This is evident on a glance at our figures I and 2 of 
art. 571. Thus, in fig. 1, since the disturbed body, pro- 
ceeding from its lower to its upper apsis, is acted on by 
a force greater than would retain it in an elliptic orbit, 
and too much curved, its whole course (as far as it is so 
aflfected) will lie within the ellipse, as shown by the 
dotted line ; and when it arrives at the upper apsis, its 
distance will be less than in the undisturbed ellipse ; that 
is to say, the eccentricity of its orbit, as estimated by 



the compaialJTe distances of the two apsides from the 
focuB, will be dim in is lied, or Uie orbit rendered mote 
. nearly circular. The contrary effect will take place in 
the case of fig. 2. Ttierc exists, thcTefore, between the 
momenlary shtfting of the perihelion of itie disturbed 
orbit, and the momentary varialion of its eccentricity, 
a relation much of the same kind with that which con- 
nects the change of inclination with the motion of the 
nodes ; anid> in fact, the strict geometrical theories of 
the two cases present a close analogy, and lead lo final 
results of the very 6am.e nature. What the variation of 
eccentricity is ta the motion of the perihelion, the change 
of inclination is to the motion of tlie node. In either 
case, the period of the one is also the period of the 
other ; and while the perihelia describe considerable an- 
gles by an oscillatory motion to and fro, or circulate in 
immense periods of lime round the entire circle, the ec- 
centricities increase and decrease by comparatively small 
changes, aad are at length restored to their original mag- 
nitudes. In the lunar orbit, as the rapid rotation of the 
nodes prevents the change of inclination from accumu- 
lating to any material amount, so the still more rapid re- 
volution of its apogee effects a speedy compensalion in 
the fluctuations of its eccentricity, and never suifei* 
them to go lo any material extent ; while the sanie causes, 
by presenting in quick succession the lunar orbit in every 
possible situation to all the disturbing forces, wheUier of 
the sun, the planets, or the protuberant matter at tfae 
earth's equator, prevent any secular Bccumulation of 
small changes, by which, in the lapse of agea, its ellip- 
ticily might be materially increased or diminished. Ac- 
cordingly, observation shows the mean ecoentridily of 
the moon's orbit to be the same now as in the eulie«t 
ages of astronomy. 

(576.) The movements of the perihelia, and variationB 
of eccentricity of the planetary orbitss -^le interlaced 
and complicated together in the same manner and nearly 
by the same laws as the variations of their nodes and 
inclinations. Each acta upon every other, and every 
such mutual action generates its own peculiar period of 
compensation ; and every such period, in pursuance of 
the orinciple of art. 520, is thence propagated throughout 
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the system. Thus arises cycles upon cycles, of whose 
compound duration some notion may be formed, when 
we consider what is the length of one such period in the 
case of the two principal planets — Jupiter and Saturn. 
Neglecting the action of the rest, the effect of their mu- 
tual attraction would be to produce a variation in the ec- 
centricity of Saturn's orbit, from 0'0S4i09, its maximum, 
to 0*01345, its minimum value ; while that of Jupiter 
would vary between the narrower limits, 0*06036 and 
0*02606 : the greatest eccentricity of Jupiter correspond- 
ing to the least of Saturn, and vice versa. The period 
in which these changes are gone through, would be 70414 
years. After this example, it will be easily conceived 
that many millions of years will require to elapse before 
a complete fulfilment of the joint cycle which shall re- 
store the whole system to its original state as far as the 
eccentricities of its orbits are concerned. 

(577.) The place of the perihelion of a planet's orbit 
is of little consequence to its well-being ; but its eccen- 
tricity is most important, as upon this (the axes of 
the orbits being permanent) depends the mean tempera- 
ture of its surface, and the extreme variations to which 
its seasons may be liable. For it may be easily shown 
that the mean annual amount of light and heat received 
by a planet from the sun is, cseteris paribus, as the minor 
axis of the ellipse described by it.* Any variation, 
therefore, in the eccentricity by changing the minor axis, 
will alter the mean temperature of the surface. How 
such a change will also influence the extremes of tempe- 
rature appears from art. 315. Now, it maynaturally be 
inquired whether, in the vast cycle above spoken of, in 
which, at some period or other, conspiring changes may 
accumulate on the orbit of one planet from several 
quarters, it may not happen that the eccentricity of any 
one planet — as the earth — may become exorbitantly 
great, so as to subvert tiiose relations which render i\ 
habitable to man, or to give rise to great changes, at least, 
in the physical comfort of his state. To this the re 
searches of geometers have enabled us to answer in the 
negative. A relation has been demonstrated by Lagrange 

'^ ** On the Astronomical Causes which may influence Geological Phc« 
nolnena.*'— Geo^. Tram. 1832. 
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between the masseB, axca of ihp orbits, and eccentrici- 
ties of each planet, simikr 1o what we have already slated 
with respect to their inclination a, viz. thai if the mass 
of tack plantl be mulliplied by the square root of the 
axis of Us orbit, and the product by the eqtiare of itt 
eecenirieity, the sum of all such products throughout 
the system is invariable; and as, in point of fact, this 
sum IS extremely small, so it will always remain. Kow, 
Biace the axis of ihe orbits are liable to no secularchangea, 
this is equivalent to saying tliat no one orbit shall in 
crease its ectentricity, unless at the expense of a com 
mon fund, the whole amount of which is, and must fm 
ever remain, extremely minute.* 

(578.) We have hinted, in oar last art. but one, a' 
perturbations produced in the lunar orbit by the protu- 
berant matter of the earth's ei^uator. The attraction of 
a sphere is the same as if all its matter were condensed 
into a point in its centre ; but that is uot the ease with 
a spheroid. The attraction of such a mass is neither 
exactly directed to its centre, nor does it exactly follow 
the law of the inverse squares of the distances. Hence 
will arise a aeries of perturbations, extremely small in 
amount, but still perceptible, in the lunar motions j by 
which the node and the apogee will be affected, A. more 
remarkable consequence of this cause, however, is a. small 
nutation of the lunar orbit, exactly analogous to that which 
the moon causes in the plane of the earth's equator, by its 
action on the same elliptic protuberance. And, in gene- 
ral, it may be observed, that in the systems of planets 
which have satellites, the elliptic figure of the primary 
has a tendency to bring the orbits of the satellites to co- 
incide with itj equator, — a tendency which, though small 
in the case of the earth, yet in that of Jupiter, whose cl- 
lipticity is very considerable, and of Saturn especially, 
where the ellipticity of the body is reinforced by the at^ 
traction of the rings, becomes predominant over every 
external and internal cause of disturbance, and produces 

• "ITiera is noUiing in Ihin relolion, howGVBr. taken per »e. to secnre 
the amaller plaorrs— Mercury, Mnn, Juno, CeroB, &c. — ftom a catao- 
ttoptie, could Lh«y m^cnmulAte on ihemtadvefl, or any one of Ibem, the 
wlioicaniounlor lh»co:m/rici(y/um/. But ttiat can never be : JupilBt 
and Ssnim will nhvnys regain ihe lion's share of ii. A ainiilsr remark 
•pplin to (he indinotiBn/and of art 519. Those /uwli. be it obaerved 
can never gel inio debt. Every lerm of Ihem ii esienliBlly positivB. 
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and maintains an almost exact coincidence of the planeii 
in question. Sucii, at least, is the case with the nearer 
satellites. The more distant are comparatively less af- 
fected by this cause, the difference of attractions between 
a sphere and spheroid diminishing with great rapidity as 
the distance increases. Thns, while the orbits of all th^ 
six interior satelUtes of Saturn lie almost exactly in the 
plane of the ring and equator of the planet, that of the 
external satellite, whose distance from Saturn is between 
sixty and seventy diameters of the planet, is inclined to 
that plane considerably. On the other hand, this con- 
siderable distance, while it permits the satellite to retain 
its actual inclination, prevents, (by parity of reasoning) 
the ring and equator of the planet from being perceptibly 
disturbed by its attraction,. or being subjected to any ap- 
preciable movements analogous to our nutation and pre- 
cession. If such exist, they must be much slower than 
those of the earth ; the mass of this satellite (though the 
largest of its system) being, as far as can be judged by its 
apparent size, a much smaller fraction' of that of Saturn 
than the moon is of the earth ; while the solar preces- 
sion, by reason of the immense distance of the son, must 
be quite inappreciable. 

(579.) It ia by means of the perturbations of the 
planets, as ascertained by observation, and compared 
with theory, that we arrive at a knowledge of the masses 
of those nlanets, which, having no satellites, offer np 
other hold upon them for this purpose. Every planet 
produces an amount of perturbation in the motions of 
every other, proportioned to its mass, and to the degree 
of advantage or purchase which its situation in the sys- 
tem gives it over their movements. The latter is a sub- 
ject of exact calculation ; the former Is unknown, oitier- 
wise than by observation of its effects. In the determina- 
tion, however, of the masses of the planets by this means, 
theory lends the greatest assistance to observation, by 
pointing out the combinations most favourable for elicit- 
ing this knowledge from the confused mass of superposed 
inequalities which affect every observed place of a planet; 
by pointing out the laws of each inequality in its period- 
ical rise and decay : and by showing how every parti- 

2F 
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cular inequality depends for its magnitude on the mass 
producing it. It is thus that the mass of Jupiter itself 
(employed by Laplace in his investigations, and inler- 
woTen with sdl the planetary tables) has of late been as- 
certained, by observations of the ilerajig;emenls produced 
fay it in the motions of the ultra-zodiacal planets, to have 
been insufficiently detennined, or rather considerably 
mistaken, by relying loo much oil observations of its sa- 
tellites, made long ago by Pound and others, widi in- - 
adequate instntmental means. The same conclusion has 
been arrived at, and nearly the same mass obtained, fay 
means of the perturbations produced by Jupiter on 
Encke's comet. The error was one of great importance; 
the mass of Jupiter being by far the most influential ele- 
ment in the planetary system, after that of the sun. It 
is satisfactory, then, to have ascertained — as by his ob- 
servations Professor Airy is understood to have recently 
done — the cause of the error; to have traced it up to lis 
source, in instifEcient micrometric measurements of the 
greatest elongations of the satellites ; and to have found 
it disappear when measures taken witli more care, and 
with infinitely superior instruments, are substituted for 
those before employed. 

(680.) In the same way that the perturbations of the 
planets lead us to a knowledge of their masses, as com- 
pared with thai of Ifae sun, so the perturbations of the 
satellites of Jupiter have led, and those of Saturn's at- 
tendants will, no doubt, hereafter lead, to a knowledge . 
of the proportion their masses bear to their respective 
primaries. The system of Jupiter's salfillites has been 
elaborately treated by Laplace ; and it is from his theory, 
compared with innumerable observations of their eclipses, 
that the masses assigned to them in art. 463 have been 
.fixed. Few results of theory are more surprising, than ' 
to see these minute atoms weighed in the same balance 
which we have applied to the ponderous mass of the 
snn, which exceeds the least of them in the enormou* 
propartion ^06000000 to 1. 
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Of tfa« Stwi mii«nJlj--/nMir Diitrilni^ 
apparent Magnitodee— Their Dwtribation over the Heav oni Of the 
. MOky Way— Amnial Pteallaz— fieal Dtttancee, probable Dimen- 
sipDi, and Nature of the Stan— Variable StarB— Temporarjr Staia— 
Of doable Stan— Their Revolution about each Odier in eOiplieOihUi 
— Extension of the Law of Gravity to auch SyBtems— Or eokmred 
Staia— Proper Motion of the Son and Stan—I^rttematie AbertatkNi 
and Faiallaz— Of compound ndereal Syte m e Clurtew of Stan— Of 
NebulB— Nebcdooi Staia— Annular aiKi planetary NebulB— Zodiainl 
Light 

(581.) BssiDES the bodies we have described in the 
foregoing chapters, the heavens present us with an in- 
numerable midtitude of other objects, which are called 
generally by the name of stars. Though comprehending 
individuals differing from each other, not merely in 
brightness, but in many other essential points, they all 
agree in one attribute — a high degree of permanence as 
to apparent relative situation. This has procured them 
the title of " fixed stars ;" an expression which is to be 
understood in a comparative and not in an absolute sense, 
it being certain that many, and probable that all are in a 
state of motion, aldiough too slow to be perceptible un- 
less by means of very delicate observations, continued 
during a long series of years. 

(582.) AstronoLiers are in the habit of distinguishing 
the stars into classes, according to their apparent bright- 
ness. These are termed magnitudes. The brightest 
stars are said to be of the first maimitude ; those which fell 
M far short of the first degree of brightness as to mak« a 
marked distinction are classed into the second, and so on 
down to the sixth or seventh, which comprise the small- 
est stars visible to the naked eye, in the clearest and dark- 
est night. Beyond these, however, telescopes continue 
the range of visibility, and magnitudes from tiie 8th down 
to the 16th are familiar to those who are in the practice 
of using powerful instruments ; nor does there seem the 
least reason to assign a limit to this progression ; every 
mcrease in the dimensions and power of instruments, 
which successive improvements in optical science have 
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attaiaed, haring Ivought into view multittidea iiunimenfab 
of objdpU inviBible before; M» tbsV £* Boy thing «zp»r 
rience hu hitherto taaght at, the namber of the. itan 

may be really infinite, in the^bnly seiiBe in wliich we can 
assign 3 meaning to the word. 

(683.} Thia classificalion into magnitudes, lioweter, 
it must be observed, is entirely arbitrary. Of a multitude 
of bright objecla, differing probably, intrinsically, both in 
- aize and in splendour, and arranged at unequal distances 
from us, one must of necessity appear the brightest, one 
next below it, and so on. An order of succession (rela- 
tive, of course, to our local sitaation among them) tnml . 
exist, and it is a matter of absolute indilfarcnce, where, 
in that infinite progressipn downwards, frorti the one ■ 
t^nghtcBt to the invisible, we.^hooae to draw our lines of 
demarcation. All this is a matter of pure convention. 
Usage, however, has eatablifhed such a convention, and 
uiough it ia impossible to determine exactly, or i priori, 
where ojie magnitude ends and the nest begins, and al- 
though different observers have differed in their tnagpii- 
(lides, yet, on the whole, astronomers have restricted 
their first magnitude to about 15 or 20 principal stars 
(heir second to 50 or 60 next inferior ; their third t( 
about 200 yet smaller, and so on ; the iiurahers increas 
ing very rapidly as we descend in the scale of brightneBa, 
the whole huuiber of stars already registered down to " 
seventh magnitude, inclusive, amoiinling to 15000 

soooo. 

(584.J As.-we do not see the actlial disc of a Star, but 
judge only of its brighlnoss by the total impresBioo made 
upon the eye, the apparent " magnitude of any star 
will, it is evident, depend, 1st, oh the star's distance frot^ 
us ; 2d, on the absolute magnitude or its illuminaled sut- - 
face; 3(1, on the intrinsic brightness of thatsurfacc. Now, 
as we know nothing, or next to nothing, of any of these 
data, and have every reason for believing that each of 
Ihem may differ in different individnalg, in the proportion 
pr many miHioni to one, it is clear that we in iiiittb 
.expect mach istiafaction in any conclusions we mif ^t*^ 
lh»ii naAertCal statements of the namber of ipdrridtiils 
aiisnged in our artificial classes. In fact, aMrbiipiatnli 
hnre not yet agreed upon any principle by vhict Ufp 
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magnitudes may be photometrically arranged, though & 
leaning towards a geometrical progresslbn, of which each 
term is the half of the preceding, may be discerned.* 
Neverthdess, it were much to be wished, that, setting 
aside all such arbitrary subdivisions, a numerical estimate 
should be formed, grounded on precise photometrical ex- 
periments, of the apparent brightness of each star. This 
would afford a definite character in natural history, and 
serve as a term of comparison to ascertain the changes 
which may take place in them ; changes which we know 
to happen in several, and may therefore fairly presume 
to be possible in all. Meanwhile, as a first approxima- 
tion, the following proportions of light, concluded from 
Sir William Herschel'sf experimental comparisons of a 
few selected stars, may be borne in mind : — 

Light of a star of the average 1st magnitude « 100 

2d B 25 

3d « 12? 

4th « 6 

5th s» 2 

6th » 1 

By my own experiments, I have found that the light of 
Sinus (the brightest of all the fixed stars) is about 324 
times that of an average star of the 6th magnitude.^ 

(585.) If the comparison of the apparent magnitudes 
of the stars with their numbers leads to no definite con- 
clusion, it is otherwise when we view them in connexion 
witL their local distribution over the heavens. If indeed 
we confine ourselves to the three or four brightest classes, 
we shall find them distributed with tolerable impartiality 
over the sphere ; but if we take in the whole amount 
visible to the naked eye, we shall perceive a great and 
rapid increase of number as we approach the borders of 
the milky way. And when we come to telescopic mag- 
nitudes, we find them crowded beyond imagination, along 
the extent of that circle, and of the branch which it 
sends ofi* from it; so (art. 253) that in fact its whole light 
is composed of nothing but stars, whose average magni- 
tude may be stated at ^ont the tenth or eleven^. 

(686.) These phenomena agree with the supposition 

* Strnve, DoraU Catal. of Doable Stui, n. nxv. 
tFtulTr.lSnT tTkim. ililioii.6oe.iii.l88 
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that the stars of o^ir firmament, instead of being scattered 
in all directions mdifierently through space, form a stra- 
taniy of which the thickness is small, in comparison with 
its length and breadth ; and in which the earth occupies 
a place somewhere about the middle of its thickness, and 
near the point where it subdivides into two principal 
laminffi, inclined at a small angle to each other. For 
it is certain that, to an eye so situated, the apparent den- 
sity of the stars, supposing them pretty equally scat- 
tered through the space they occupy, would be least in 
a direction of the visual ray (as SA) perpendicular to 
the lamina, and greatest in that of its breadth, as SB, SC, 
SD ; increasing rapidly in passing from one to the other 
direction, just as we see a slight haze in the atmosphere 
thickening into a decided fog bank near the horizon, by 
the rapid increase of the mere length of the visual ray. 
Accoitiingly, such is the view of the construction of the 
starry firmament taken by Sir William Uerschel, whose 
powerfal telescopes have effected a complete analysis of 




this wonderful zone, and demonstrated the fact of its entire- 
ly consisting of stars. So crowded are they in some parts 
of it, that by counting the stars in a single field of his tele- 
scope, he was led to conclude that 50000 had passed under 
his review in a zone two degrees in breadth, during a sin- 
gle hour's observation. The immense distances at which 
the remoter regions must be situated will suflTiciently ac- 
count for the vast predominance .of small magnitudes 
which are observed in it. 

(687.) When we speak of the comparative remote- 
ness of certain regions of the starry heavens beyond 
others, and of our own situation in them, the question 
immediately arises. What is the distance of the nearest 
fixed star ? What is the scale on which our visible fir- 
mament is constructed ? And what proportion do its di 
mensions bear to those of our own immediate system 
To this, however, astronomy has hitherto proved unable 
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to supply an answer. All we know ^n the subject is ne- 
gative. We have attained, by delicate observations and 
refined combrnations of theoretical reasoning, to a correct 
estimate,' first, of the dimensions of the earth ; then, 
taking that as a base, to a knowledge of those of its orbit 
about the sun ; and again, by taking our stand, as it were, 
on the opposite borders of the circumference of this orbit, 
we have extended our measurements to the extreme verge 
of our own system, and by the aid of what we know of 
the excursions of comets, have felt our way, as it were, 
a step or two beyond the orbit of the remotest known 
planet. But between that remotest orb- and the nearest 
star there is a gulf fixed, to- whose extent • no observa- 
tions yet made have enabled us to assign any distinct 
approximation, or to name any distance," however im- 
mense, which it may not, for any thing we can tell, sur- 
pass. 

(588.) The diameter of the earth has served us as the 
base of a triangle, in the trigonometrical survey of our 
system (art. 226), by which to calculate the distance of 
the sun: hut the extreme minuteness of the sun's paral- 
lax (art. 304) renders the calculation from this ** ill- 
conditioned" triangle (art. 227) so delicate^ that nothing 
but the fortunate combination of favourable circumstances, 
afforded by the transits of Venus (arf> 409) coiild ren- 
der its results even tolerably worthy of relianqe. But 
the earth's diameter is too small a base for direct triangu- 
iation to the verge even of our. own system (art..44Q), 
and we are, therefore, obliged to substitute the annuai^a- 
rallax for the diurnal, or, which comeis to the same thj|kg'; 
to ground our calcidation on the relative velocities of 4jb^ 
earth and planets in their orbits (art. 414), when we 
would push our triangulation to that extent. It might be 
naturally enough expected, that by this • enlargement of 
our base to the vast diameter of the earth's ojrbit, the 
next step in our survey (art. 227) would be made at a 
great advantage; — ^that our change of station, from side 
to side of it, would produce a perceptible and measurable 
amount of annual parallax in the stars, and that by its 
means we should come to a knowledge of their distance. 
But, after exhausting every refinement of observation, as- 
tronomers have been unable to come to any positive and 
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coincident conclusion upon this head ; and it seems, 
therefore, demonstrated, that the amount of snch paral- 
lax, even for the nearest fixed star which has hitherto 
been examined with the requisite attention, remains still 
mixed up with, and concealed among,- the errors inci- 
dental to all astronomical determinations. Now, such is 
the nicety to which these have been carried, that did the 
quantity in question amount to a single second (u e. did 
tiie radius of the earth's orbit subtend at the nearest fixed 
star that minute angle), it could not possibly have escs^ped 
detection and universal recognition. 

(589.) Radius is to the sine of 1", in round numbers, as 
200000 to 1. In this proportion, then, at least must the 
distance of the fixed stars from the sun exceed that of 
the ssn from the earth. The latter distance, as we have 
already seen, exceeds the earth's radius in the proportion 
of 24000 to 1 ; and, lastly, to descend to ordinary stand- 
ards, the earth's radius is 4000 of our miles. The dis- 
tance of the stars, then, cannot be so small as 4800000000 
radii of the earth, or 19200000000000 miles ! How much 
larger it may be, we know not. 

(690.) In such numbers, the imagination is lost. The 
only mode we have of conceiving such intervals at all is 
by the time whteh it would require for light to traverse 
them. Now light, as we know, travels at the rate of 192000 
miles per second. It would, therefore, occupy 1 00000000 
seconds, or upwards of three years, in such a journey, 
at the very lowest estimate. What, then, are we to 
allow for the distance of those innumerable stars of 
the smaller magnitude which the telescope discloses to 
us ! If we admit the light of a star of each magnitude 
to be half that of the magnitude next above it, it will 
follow that a star of the first magnitude will require to be 
removed to 362 times its distance to appear no larger 
than one of the sixteenth. It follows, therefore, that 
among the countless multitude of such stars, visible in 
telescopes, there must be many whose light has taken at 
least a thousand years to reach us ; and that when we 
observe their places, and note their changes, we are, in 
fact, reading only their history of a thousand years* date, 
thus wonderfully recorded. We cannot escape this con- 
r;]usion, but by adopting as an alternative an intrinsic 
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inferiority of light in all the smaller stars of the milky way 
We s^iall be better able to estimate the probability of this 
alternative, when we have made acquaintance with other 
sidereal systems, whose existence the telescope discloses 
to us, and whose analogy will satisfy us that the view of 
the subject we have ts&en . above is in perfect harmony 
with the general tenor of astronomical facts. 

(591.) Quitting, however, the region of speculation, and 
confining ourselves within certain limits which we are sure 
are less than the truth, let us employ the negative know- 
ledge we have obtained respecting the distances of the 
stars to form some conformable estimate of their real 
magnitudes. Of this, telescopes afford us no direct 
information. The discs which good telescopes show us 
of the stars are not real, but spurious — a mere optical 
illusion.* Their liglit, therefore, must be our only 
guide. Now Dr. Wollaston, by direct photometrical 
experiments, open, as it would seem, to no objectioiis,t 
has ascertained the light of Sirius, as received by us] to 
be to that of the sun as I to 20000000000. The sun, 
therefore; in order that it should appear to us no brighter 
than Sirius", would require to be removed to 141400 times 
its actual distance. We have seen, however, that the dis- 
tance of Sirius cannot be so small as 200000 times that of 
the sun.' Hence it follows, that, upon the lowest possible 
computation, the light really thrown out by Sirius cannot 
be- so little as double that emitted hy the sun ; or that 
Sirius must, in point of intrinsic splendoul', be at least 
equal to two suns, and is ifa all probability vastly greater.^ 

(692.) Now, for what purpose are we to suppose such 
magnificent bodies scattered through the abyss of space ? 
Surely not to illuminate our nights, which an additional 
moon of the thousandth part of the size of our own 
would do much better, nor to sparkle as a pageant void 
of n^eaning and reality, and bewilder us among vain 
conjectures. Useful, it is true^ they are to man as points 
of exact and permanent reference ; but he must have 
studied astronomy to- little purpose, who can suppose 

* See Cab. Cyc. Optics. t Phil. Trans. 1829. p. 24. 

I Dr. Wollaston, araaming, as we think he is perfectly justified in do* 
irtt^, a much lower limit oCpofsible parallax in Sirius than we have adop^ 
ea in the text, has concluaed the intrinsic light of Sirius to be nearly 
tliat of fourteen suns. 
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man to be the only object ai hii Giaytor't eua, ov 
does not see in the vast and woBderM appantas asondvt 
provision for other races of animaladbeiiin. TheilipMiilb 
as we have seen« derive their ]i^t£romuiesiui; nitlfefi 
cannot be the case with the stars. Thesct doiibdaes» ttap# 
are themselves suns, and may, perhaps, c«ch in itaapiMMf 
be the presiding centre round which odier nianiBt% ot-to* 
dies of "which we can form no conception froiii wa^^m^ 
logy offered by our own sjrstem, may be eireiilatiaf» ■ '. 
(693.) AxulopeBt however, more than ooi^eotealf «9 
not wanting to mdicate a correspondence betw qii Ai 
dynamical laws which prevail in the remote wegifimid 
the stars and those whidi govern the motions of oar o«% 

S«tem. Wherever we can trace the law of period^ilf—t 
e regular recurrence of the same ^eaonfMrn m .Ai 
same times — ^we are strongly impressed widithe idqueif 
rotatory or orbitual motion. Among the «tm «|» pij||| 
veral which, though no way distingnisbifcble fron- pukitm 
by any apparent change of place, nor by any difiiiieiae 
of appearance in telescopes, yet undergo a regnhrperioft* 
ical increase and diminution of lustre, involving, jnoi|9 
or two cases, a complete extinction and revivaL TlMse 
are called periodical stars. One of the most remarkaUit 
b the star Omicron^ in the constellation CetuSf first no- 
ticed by Fabricius in 1596. It appears about twelve timsa 
in eleven years-— or, more exactly, in a period of 884 
days ; remains at its greatest brightness about & £art-. 
night, being then, on some occasions, equal to a large 
star of the second magnitude ; decreases during abcmt 
three months, till it becomes completely invisiUe, in 
which state it remains during about five months, when 
it again becomes visible, and continues increasing during 
the remaining three months of its period. Sudi is the 
general course of its phases. It does not always, how^ 
ever, return to the same degree of brightness, nor in* 
crease and diminish by the same gradations. Hevelins, 
indeed, relates (Lalande, art. 794) that during the. Ibifr 
years between October, 1672, anid December, 1670, it 
did not appear at all. 

(594.) Another very remarkable periodical star is that 
called Algol, or .3 Persei. It is usually visible as a star 
of the second magnitude, and such it continues for the 
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space of 2' 14^, when it suddenly begins to diminish in 
splendour, and in about 3s hours is reduced to the fourth 
magnitude. It then begins again to increase, and in 3^ 
hours more is restored to its usual brightness, going 
through all its changes in 2^ 20^ 48", or thereabouts. 
This remarkable law of variation certainly appears 
strongly to suggest the revolution round it of some opake 
body, which, when interposed between us and Algol, 
cuts off a large portion of its light ; and this is accord- 
ingly the view taken of the matter by Goodricke, to 
whom we owe the discovery of this remark<*ble fact,* in 
the year 1782 ; since which time the same phenomena 
have continued to be observed, though with much less 
diligence than their high interest would appear to merit. 
Taken any how, it is an indication of a high degree of 
activity, in regions where, but for such evidences, we 
might conclude all lifeless. Our own sun requires nine 
times this period to perform a revolution on its own axis. 
On the other hand, the periodic time of an opake re- 
volving body, sufficiently large, which should produce a 
similar temporary obscuration of the sun, seen from a 
fixed star, would be less than fourteen hours. 

(595.) The following list exhibits specimens of pe- 
riodical stars of every variety of period, so far as they can 
be considered to be at present ascertained : — 



8tar*s Name. 



$ Penei 
lOephei 

v Antinoi 

• Hercalia 

• Berpentis 
RA. 15h 41« 
PD. 740 15' 

• Geti 

X Crgni 
367 B. t Hydra 
34 Fl. Cygni 
490 M. Leonis 
» StfHtarii 
^ Lecmis 



\ 



Period. 



D. H. K. 

8 90 48 

5 8 37 

6 .0 

7 4 15 
00 6 



180 
334 



396 91 

494 

18 yean 
Many yean 
Ditto 
Ditto 



Variation of 


Magnitude. 


9 


to 


4 


3.4 


^.^ 


5 


3 


_ 


4.5 


3.4 


_ 


4.5 


3 


— 


4 


7? 


— 





9 


_ 





6 


_ 


11 


4 


_ 


10 


6 


_ 





7 


_ 





3 


__ 


6 


6 


— 






Disco verera. 



6 — 



( Goodricke, 1789. 
j Palitzcb, 1783. 
Goodricke, 1784. 
Goodricke, 1784. 
Pigott. 1784. 
Hersetael, 1796. 

Harding, 1896. 

FabriciuB, 1596. 
Kirch, 1687. 
Maraldi, 1704. 
Jansoii, 1600. 
Koch, 1789. 
Halley, 1676. 
Montanari, 1667. 



* Sc6 note on psgo 358. 

t ThflM lettenK R and M. refer to the Catalogaea of Bode, Fhan- 
iteed, and Mayer' 
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The variations of these stars, however, appef^r la 4ip 
affected, perhaps in duration of period* ^t eettaaofif fjBi 
extent of change, by physical causes at present ^|Iu^^ 
The non-appearance of o Geti, during towr yean^ iKMhM* 
ready been noticed ; and to this instance we majf.Jliw 
that of X ^ys^U which is stated by Casainito bvye biiifk 
scarcely visible throughout the years 1609« 17^ ^^ld 
1701, at those times whien it ought to have -jl^qen /qpuMt 
conspicuous. 

(5d6.) These irregularities prepare uif fo^ otii^ fbfir 
nomena of stellar variation, wldch have hitherto been ra- 
.duced to no law of periodicity, and must be looked vpcpj^ 
in relation to our ignorance and ine^pe^enc^, -^ .f^lor- 
^ther casual ; or, if periodic, of periods too Ifiy. jto tp|!9 
occurred more than once within the limits ^ le^iifffi 
observation. . The phenomena we alludje to a^.^jb4|^4Jf 
temporary stars,-which have appeared, fifom tmfi^ po.)§^i^ 
\n different parts of the heavens, bla^^ing foc^i j|ifitj^^f||^ 
traordinary lustre ; and after remaining a ifpP».'.ftigtt 
rently immoveable, have died away, mi -Je^ |B%^t!M*» 
Such is the star which, suddenly appearing ji^^:JM9 
125 B. C, is said to have attracted the atteij$ipn of 'ftjgr 
parchus, and led him to draw up a catalogue of ||t»rs, 
the earliest on record. Such, too, was the star whM^ 
blazed forth, A. D. 389, near <t Aquilae, remaiiiing iof 
three weeks as bright as Venus, and disappearing entire- 
ly. In the years 946, 1^64, and 1572, brilliant Bttin 
appeared in the region of the heavens between Cepheus 
and Cassiopeia ; and, from the imperfect aceount we have 
of the places of the two earlie;*, as compared with that Df 
the last, which was well determined, as well as (rojpa the 
tolerably near coincidence of the intervals of their apffeap* 
ance, we may suspect them to be one and the agLXfxe iftfur, 
with a period of about 300, or, as Goodricke SUppoiWt 

* The same discovery appears to have been made nearly about thi$ 
same time by Palitzch, a farmer of Prolitz, near Dresden — a pewHUit bj 
station, an astronomer by nature — who, from his famiUar soqgia^taiica 
with the aspect of the heavens, bad been led to notice oiaoang ao ^piny 
thousand stars this one as di.stinguished from the rest by its vanaUC|n,UMl 
had ascertained its period. The same Palitzch was also tho £nt to re> 
discover the predicted comet of Halley in 1759, which he saw qeuiy • 
month before any of the astronomers, who, armed with.th«ir lalMemwa 
were anxiously watching its reium. These anecdotca carry la biiGK ir 
thcf era of the ChaMean shepherds. 
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of 150 years. The appearance of the star of 1572 waa 
so sudden, that Tycho Brahe, a celebrated Danish astro- 
nomer, returning one evening (the 11th of November) 
from his laboratory to his dwelling-house, was surprisea 
to find a group of country people gazing at a star, which 
he was sure did not exist half an hour before. This 
was the star in question. It was then as bright as 
Sirius, and continued to increase till it surpassed Jupiter 
when brightest, and was visible at mid-day. It began 
to diminish in December of the same year, and in March, 
1574, had entirely disappeared. So, also, on the 10th 
of October, 1604, a star of this kind, and not less bril- 
liant, burst forth in the constellation of Serpentarius, 
which continued visible till Octaber, 1605. 
. (597.) Similar phenomena, though of a less splendid 
character, have taken place more recently, as in the case 
ef the star of the thirrd magnitude discovered in 1670, by 
Anthelm, in the head of the Swan ; which, after becom- 
ing completely invisible, reappeared, and after under- 
going one or two singular fluctuations of light, during 
two years, at last died away entirely, and has not since 
b.een seen. On a careful re-examination of the heavens, 
too, and a comparison of catalogues, many stars are now 
found to be missing ; and although there is no doubt that 
these losses have often arisen from mistaken entries, yet 
in many instances . it is equally certain that there is no 
mistake in the observation or entry, and that the star has 
really been observed, and as really has disappeared from 
the heavens.* This is a branch of practical astronomy 
which has been too little followed up, and it is precisely 
that in which amateurs of the science, provided with 
only good eyes, or moderate instruments, might employ 
their time to excellent advantage.! It holds out a sure 
promise of rich discovery, and is one in which astrono- 

* The star 42 Virginis is inserted in the Catalogue of the Astronomical 
Society from Zach's Zodiacal Catalogue. I missed it on the 9th of May, 
1828, and have since repeatedly had its place in the field of view of my 
20 feet reflector, without perceiving it, unless it be one of two equal stars 
of the ^h magnitude, very nearly m the place it must have occujj^Aed.-— 
Author. 

"^ t ** Ce« variations dcs ^toiles sont bien dignes de I'attention dcs obsenr- 
atears curieux . . . Un jour viendra, peut-^tfe*,*ou les sciences auront as« 
•62 d'amatenrs pour qu'on pui'sse stifflre.-A ces details.*' — Lalande, art 
824. — Surely that day is now arrived. 

2G 
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men in established obsenratories are almost of neeesntj 
precluded from taking a part by the nature of the ok 
servations required. Catalogues of the comparatiTA 
brightness of the stars in each constellation have l^eii 
constructed by Sir Wm. Herschel, with the express olf-. 
ject of facilitating these researches, and the reader will 
find them, and a full account of his method of comp«rih 
son, in the Phil. Trans. 1796, and. subsequent yean, 

(598.) We come now to a class of phenomena of qtaitp 
a different character, and which give us a real and posif 
tive insight into the nature of at least some amonf the 
stars, and enable us unhesitatingly to dectaore them sulject 
to the same dynamical laws, and obedient to the same, 
power of gravitation, which governs our own system. 
Many of tibe stars, when examined with telescopes» am 
found to be double, t. e, to consist of. two (m some eases 
three) individuals placed near together. This might be 
attributed to accidental proximity, did it occur .only in a 
few instances ; but. the frequency of this companionship, 
the extreme closeness, and, in many cases, the near eiqnllt 
ity of the stars so conjoined, would alone lead to a.sfniikg 
suspicion of a more near and intimate relation than merd. 
casual juxtaposition. The bright star Castor, for exam- 
ple, when much magnified, is found to consist of two 
stars of between the &ird and fourth magnitude, within 
5" of each other. Stars of this magnitude, however, 
are not so common in the heavens as to render it at all 
likely that, if scattered at random, any two would fall so 
near. But this is only one out of numerous such in- 
stances. Sir Wm. Herschel has enumerated upwards of 
500 double stars, in which the individuals are within half 
a minute of each other ; and to this list Professor Strove 
of Dorpat, prosecuting the inquiry by the aid of instru- 
ments more conveniently mounted for the purpose, has 
recently added nearly five times that number. Other ob- 
servers have still further extended the catalogue, already 
so large, without exhausting the fettility of the heavens. 
Among these are great numbers in which the interval be- 
tween the centres of the individuals is less than a single 
second, of which • Arietis, Atlas Pleiadum, y Corons, * 
Coronse,* and {Herculis, and t and x Ophiuchi, may be 
cited as instances. They are divided into classes ao- 
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cording to their distances — the closest forming the first 
class. 

(599.) When these combinations were first noticed, 
it was considered that advantage might be taken of them, 
to ascertain whether or not the annual motion of the earth 
in its orbit might not produce a relative apparent displace- 
ment of the individuals constituting a double star. Sup- 
posing them to lie at a great distance one behind the other, 
and to appear only by casual juxtaposition nearly in the 
same line, it is evident that any motion of the earth must 
subtend difierent angles at the two stars so juxtaposed, 
and must therefore produce difierent parallactic displace- 
ments of them on the surface of the heavens, regarded 
as infinitely distant. Every star, in consequence of the 
earth's annual motion, should appear to describe in th§ 
heavens a small ellipse (distinct from that which it would 
appear to describe m consequence of the aberration of 
light, and not to be confounded with it), being a section, 
by the concave surface of the heavens, of an oblique 
elliptic cone, having its vertex in the star, and the earth's 
orbit for its base ; and this section will be of less dimen- 




sions the more distant is the star. If, then, we regard 
two stars, apparently situated close beside each other, but 
in reality at very difierent distances, their parallactic el- 
lipses will be similar, but of difierent dimensions. Sup- 
pose, for instance, S and 9 to be the positions of two 
suirs of such an apparently or optically double star as 
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seen from the nm, ami let JkECD« ahed, heibm f^ 
rallactic ellipses ; then, since they will be at aU Ijipini 
similaily situated in these ellipaesy when the ooe «te, 
is seen at A« the other will be seen at a. When flipi 
the earth has made a qnarter of aieyolntion in its oiliifat 
th^ir apparent places will be BA ; when anotfaer ^nartnw 
Ce ; and when another, Dd» If, then, we.meame C9»r 
fully, with micrometers adapted for the poippap, dicw 
apparent situation with respect to each other, at diifc ry iil . 
tunes of the year, we should perceive at periodical rlitin|^^ 
both in the direction of the fine joining tfaenif and iaUm 
distance between their centres. For tli^ lines ka and C^ 
cannot be parallel, nor the lines B6 and Dif. eqi|d, onkvji 
the ellipses be of equal dimensions, u e. nnlnMi the two 
stars baye the same parallax, or are equidistant ^ona tha 
e^urth. 

(600.) Now, micrometers, properly moonted» i|iiili|e 
US to measure veiy exactly both the distance betwieenlipo 
objects which can be seen together in the same fi^ldof » 
telescope, and the position of the line joining them irim 
respect to the horizon, or the meridian, or any other d^f 
terminate direction in the heavens. The meridian is 
chosen as the most convenient ; and the situation of the 
line of junction between the two stars of a double star- is 
referred to its direction, by placing in the focus of the 
eye-piece of a telescope, equatorially mounted, two cross 
wires making a right, angle, and adjusting their position 
so that one of the two stars shall just run along it by its 
diurnal motion, while the telescope remains atrest; noting 
their situation ; and then turning the whole system of 
wires round in its own plane by a proper mechanical 
movement, till the other wire becomes exactly parallel to 
their line of junction, and reading off on a divided circle 
the angle the wires have moved through. Such an appa- 
ratus is called a position micrometer ; and by its aid we 
determine the angle of position of a double star, or the 
angle which their line of junction makes with the meri- 
dian ; which angle is usually reckoned round the whole 
circle, from to 360, beginning at the north and proceed- 
ing in the direction north, following (or east) south, pren* 
ceding (or west). 

(001.) The advantages which this mode of operation 
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offers for the estimation of parallax are many and great. 
[n the first place, the result to be obtained, being depend 
ent only on the relative apparent displacement of the two 
stars, is unaffected by almost every cause which would 
induce error in the separate determination of the place 
of either by right ascension and declination. Refraction, 
that greatest of all obstacles to accuracy in astronomical 
determinations, acts equally on both stars ; and is there- 
fore eliminated from the result. We have no longer any 
thing to fear from errors of graduation in circles from 
levels or plumb-lines— from uncertainty attending the 
uranographical reductions of aberration, precession, &c. 
^—bHI which bear alike on both objects. In a word, if we 
suppose the stars to have no proper motions of their own 
by which a real change of relative situation may arise, 
no other cause but their difference of parallax can pos- 
sibly affect the observation. 

(602.) Such were the considerations which first in- 
duced Sir William Herschel to collect a list of double 
stars, and to subject them all to careful measurements of 
their angles of position and mutual distances. He had 
hardly entered, however, on these measurements, before 
he was diverted from the original object of the inquiry 
(which, in fact, promising as it is, still remains open and 
untouched, though the only method which seems to of- 
fer a chance of success in the research of parallax) by 
phenomena of a very unexpected character, which at 
once engrossed bis whole attention. Instead of finding, 
as he expected, that annual fluctuation to and fro of one 
star of a double star with respect to the other — that al- 
ternate annual increase and decrease of their distance and 
angle of position, which the parallax of the earth's an- 
nual motion would produce — he observed, in many in- 
stances, a regular progressive change ; in some cases 
bearing chiefly on their distance — in others on their po- 
sition, and advancing steadily in one direction, so as 
clearly to indicate either a real motion of the stars them- 
selves, or a general rectilinear motion of the sun and 
whole solar system, producing a parallax of a higher 
order than would arise from the earth's orbitual motion, 
itnd which might be called systematic parallax. 

(603.) Supposing the two stars in motion independ- 
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ently of dach other, and also the sun, it is clear that fivr 
the interval of a few years, these motions inust be vor 
garded as rectilinear and uniform. Heace« a very fllidlt 
acquaintance with geometry will suffice to show thit toe 
apparent motion of one star of a double star,, referred to 
the other as a centref, and mapped down, as it were, on a 
plane in which that othet shdl be taken for a fijpsd or 
zero point, can be no other than a right line. TfaiSt at 
least, must be the case if the stars be:indepeiijleiit e^T . 
each other ; but it will be otherwise if they aave a pb]Fr 
sical connexion, such as, for instance, real pzQ3dmity and 
mutual gravitation Would establish. In* that eaae* thw 
would describe Orbits round each other, and roond dieir 
common centre of gravity ; and therefore the appareot 
path of either, referred to the other as fixed, instaad tj/t 
being a portion of a straight line, would be bent into^ 
curve concave towards that other. The observed .mo- 
tions, however, were so slow, that m^y years' obecrra^ 
tion was required to ascertain this point ; and it waa adl^ 
therefore, until the year 1803, twenty-five years frop 
the commencement of the inquiry, that any thioff Eke ^a 
positive conclusion could be come to respecting Uie xeie- 
tilinear or orbitual character of the oqserved changes of 
position. 

(604.) In tliat, and the subsequent year, it was dis- 
tinctly announced by Sir William Herschel, in two 
papers, which will be found in the Transactions of the 
Royal Society for those years, that there exist sidereal 
systems, composed of two stars revolving about each 
other in regular orbits, and constituting what may be 
termed binary stars, to distinguish them from doable 
stars generally so called, in which these physically eon- 
nected stars are confounded, perhaps, with others only 
optically double, or casually juxtaposed in the heavens 
at different distances from the eye ; whereas the indir 
viduals of a binary star are, of course, equidistant from 
the eye, or, at least, cannot differ more in distance than 
the semidiameter of the orbit they describe about eaeh 
other, which is quite insignificant compared with die 
immense distance between them and the earth. Between 
fifty and sixty instances of changes, to a greater or lesa 
amount, in the angles of position of double stars, are ad* 
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duced in the memoirs above mentioned; manT of which 
are too decided, and too regularly progressive, to allow 
of their nature being misconceived. In particular, among, 
the more conspicuous stars, — Castor, y Virginis, f Ursae, 
70 Ophiuchi, o- and « Coronas, ^ Bootis, * Cassiopeiae, 
y Leonis, ^ Herculis, / Cygni, i* Bootis, • 4 and i 5 Lyrae, 
A. Ophiuchi, i** Draconis, and i Aquarii, are enumerated 
as among the most remarkable instances of the observed . 
motion ; and to some of them even periodic times of re- 
volution are assigned, approximative only, of course, and 
rather to be regarded as rough guesses than as results of 
any exact calculation, for which the data were at the time 
quite inadequate. For instance, the revolution of Castor 
is set down at 334 years,''that of y Virginis at 708, and 
that of y Laonis at 1200 years. 

(605.) Subsequent observation has fully confirmed 
these results, not only in their general tenor, but for the 
naost part in individual detail. Of all the stars above 
named, there is not one which is not found to be fully 
entitled to be regarded as binary^ and, in fact, this list 
comprises nearly all the most considerable objects of that 
description which have yet been detected, though (as at- 
tention has been closely drawn to the subject, and ob- 
servations have multiplied) it has, of late, begun to extend 
itself rapidly. The number of double stars which are 
certainly known to possess this peculiar character is be- 
tween thirty and forty at the time we write, and more 
are emerging into notice with every fresh mass of obser- 
vations which come before the public. They require 
excellent telescopes for their observation, being for the 
most part so close as to necessitate the use of veiy high 
magnifiers (such as would be considered extremely 
powerful microscopes if employed to examine objects 
within our reach), to perceive an interval between the 
individuals which compose them. 

(606.) It may easily be supposed, that phenomena of 
this kind would not pass without attempts to connect 
them with dynamical theories. From their first disco- 
very, they were naturally referred to the agency of some 
pofwer, like that of gravitation, connecting the stars thus 
demonstrated to be in a state of circulation about each 
other ; and the extension of the Newtonian law of erravi- 
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tation lo f^ese remote systems was a step so obvious, and 
so well warranted by our experience of its all-sufficient 
agency in our own, as to have been expressly oj tacitly 
made by every one who has given the subject any share 
of liis attention. We owe, however, the first distinct 
system of calculation, by which the elliptic elements of 
the orbit of a binary star could be deduced from observa- 
tions of its angle of position and distance at different 
epochs, to M.^avary, who showed,* that the motions 
of one of the'most remarkable among them (f Urs«) 
were explicable, within the limits allowable for error of 
observation, on the supposition of an elliptic orbit de- 
scril)ed in the short period of 58| years. A different 
process of computation has conducted Professor Encke 
to an elliptic orbit for 70 Ophiuchi, described in a period 
of seventy-four years ; and the author of these pages has 
himself attempted to contribute his mite to these interest- 
ing investigations. The following may be stated as the 
chief results which have been hitherto obtained in this 
branch of astronomy : — 
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(007.) Of these, perhaps, the most remarkable is 
Viririiiis, not only on account of the length of its pe- 
riod, but by reason also of the great diminution of ap- 
pncnt distance, and rapid increase of angular motion 
;i!M)ut each other, of the individuals composing it. It is 
:i brit>ht star of the fourth magnitude, and its component 
sUirs are almost exactly equal. It has been known to 
consist of two stars since the beginning of the eighteenth 
century, their distance being then between six and seven 
seconds ; so that any tolerably good telescope would re- 

♦ Connois des Temps, 1830 
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solve it. . Since that time they have been conatantly ap- 
proaching, and -are at present hardly more than a single 
second asunder ; so that no telescope, that is not of very 
superior quality, is competent to show them otherwise 
than as a single star somewhat lengthened in one direc- 
tion. It fortunately happens, that Bradley, in 1718, no- 
ticed, and recorded in the margin of one of his cbserva- 
tion books, the apparent direction of their line of junction, 
as being parallel to that of two remarkable stars, a and B 
of the same constellation, as seen by the naked eye ; and 
this note, which has been recently rescued from oblivion 
by the diligence of Professor Rigaud, has proved of sig- 
nal service in the investigation of their orbit. They are 
entered also as distinct stars in Mayer's catalogue ; and 
this affords also another means of recovering tiieir rela- 
tive situation at the date of his observations, which were 
made about the year 1756. Without particularising 
individi^al measurements, which will be found in their 
proper repositories,* it will suffice to remark, that their 
whole series (which since the beginning of the present 
centilry has been very numerous and carefully made, and 
which einbraces an angular motion of 100°, and a dimi- 
nution of distance to one sixth of its former amount) is 
represented with a degree of exactness fully equal to 
that of observation itself by an ellipse of the dimensions 
and period stated in the foregoing little table, and of 
which the further requisite particulars are as follows: — 

Perihelion passage. August 18. 1834* 

Inclination'oforbitto the visual ray - - - - - 22° 58 

Angle of peeition of the perihelion projected on the heavens 36*^ 24' 

Angle of pcwition of the. line of nodes, or intersection of the } ^q 03' 
plane of the orbit with the surface of the heavens ) 

(608.) If the great length of the periods of some of 
these bodies be remarkable, the shortness of those of 
others is hardly less so. » Coronae has already made a 
complete revolution since its first discovery by Sir Wil- 
liam Herschel, and is far advanced in its second period ; 
and i Ursae, i Cancri, and 70 Ophiuchi, have all acc9m- 
plished by far the greater parts of their respective ellipses 
since the same epoch. If any doubt, therefore^ could re- 
main as to the reality of. their orbitual motions, or any 

* See them collected hi Mem. R Ast. Soc. vol. v. p. 35. 
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idea of explaining them by mere parallactic t^Muigeft Am6 
facts must suffice for theur complete dissipmtioii. We 
have -the same evidence, indeed, of their rotations abdet 
each other that we have of those of Uranus And Satan 
about the sun ; and the correspondence between their 
calculated and observed places in such very elongated 
ellipses, must be admitted to carry with it a proof jST'tte 
prevalence of the Newtonian law of gravity in iMr ly^ 
terns, of the very same nature and cogency te that of Ae 
calctdated and observed places of comets round the eaih 
tral body of our own. 

(609.) But it is not with the revolutions of bodiea of 
a planetary or cometary nature round a solar eeatie that 
we are now concerned ; it is with that of sulr around mni 
-—each, perhaps, accompanied with its train of jAaaMi 
and their satellites, closely shrouded from our view by ' 
the splendour of their respective suns, and crowded uto'a 
space bearing hardly a greater proportion- to the eaiO^ 
mous interval which separates ihem, than the diitaieei 
of the satellites of our planets- from their primatiee beer 
to their distances from the sun itself. A less distiiieflT 
characterized subordination would be incompatible witn 
the stability of their systems, and with the planetary na- 
ture of their orbits. Unless closely nestled under the 
protecting wing of their immediate superior, the sweep 
of their' other sun in its perihelion passage round their 
own might carry them off, or whirl them into orbits ut- 
terly incompatible with the conditions necessary for the 
existence of their inhabitants. It must be confessed, that 
we have here a strangely wide and novel field for specu- 
lative excursions, and one which it is not easy to avoid 
luxuriating in. 

(610.) Many of the double stars exhibit the curious 
ana beautiful phenomenon of contrasted or complemen- 
tary colours.* In such instances, the larger star is usu- 
ally of a ruddy or orange hue, while the smaller one ap- 
pears blue or green, probably in virtue of that geneiil 
h\j^ of optics, which provides that when the retina is 

* ** other suns, perhaps, 

With their attendant moons thou wilt descry. 
Communicating male and female light, 
(Which two ffreat sexes animate tlie world,) 
Stored in each orb, pertisps, with some that live.* 

Paradite Lott, viit. ]« 
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under the influence of excitement by any bright, coloured 
light ; feebler lights, which seen alone would produce 
no sensation biit of whiteness, shall for the time appear 
coloured with the tint complementary to that of the 
brighter. Thus, a yellow colour predominating in the 
light of the brighter star, that of the less bright one in the 
same field of view will appear blue ; while, if the tint of 
the brighter star verge to crimson, that of the other will 
exhibit a tendency to green^-or even appear as a vivid 
green, under favourable circumstances. The former con- 
trast is beautifully exhibited by i Cancri — the latter by y 
Andromedae ; both fine double stars. If, however, the 
coloured star be much the less bright of the two, it will 
not materially affect the other. Thus, for instance, « 
Cassiopeiae exhibits the beautiful combination of a large 
white star, and a small one of a rich ruddy purple. It is 
by no means, however, intended to say, that in all sucli 
cases one of the colours is a mere effect of contrast, and 
it may be easier suggested in words, than conceived in 
imagination, what variety of illumination two suns — a 
red and a green, or a yellow and a blue one — must afford. 
a planet circulating about either ; and what charming 
contrasts and ** grateful vicissitudes"— -a red and a green 
day, for instance, alternating with a white one and with 
darkness — might arise from the presence or absence of 
one or other, or both, above the horizon. Insulated stars 
of a red colour, almost as deep as that of blood, occur in 
many parts of the heavens, but no green or blue star (of 
any decided hue) has^ we believe, ever been noticed un- 
associated with a companion brighter than itself. 

(611.) Another very interesting subject of inquiry, in 
the physical history of the stars, is their proper motion. 
^Ji priori, it might be expected that apparent motions of 
some kind or other should be detected among so great a 
multitude of individuals scattered through space, and with 
BOthing to keep them fixed. Their mutual attractions 
even, however inconceivably enfeebled by distance, and 
(Counteracted by opposing attractions from opposite quar- 
ters, must, in the lapse of countless ages, produce so7ne 
movements-Hsome change of internal arrangement — ^re- 
sulting from the difference of the opposing actions. And 
it is a fact, that such apparent motions 4o exist, not only 
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among single, but in many of the double stars ; which, 
besides revolving round each other, or round^heir com- 
mon centre of gravity, are transferred, without parting 
company, by a progressive motion common to both, 
towards some determinate region. For example, the 
two stars of 61 Cygni, which are nearly equal, have re- 
mained constantly at the same, or very nearly the same 
distance, of 15", for at least fifty years past. Mean- 
while they have shifted their local situation in the hea- 
vens, in this interval of time, through no less than 4' 23", 
the annual proper motion of each star being 5"'3 ; by 
which quantity (exceeding a third of their interval) this 
system is every year carried bodily along in some un- 
known path, by a motion which, for many centuries, 
must be regarded as uniform and rectilinear. Among 
stars not double, and no way differing from the rest in 
any other obvious particular, /* Cassiopeia; is fo be re- 
marked as having the greatest proper motion of any .yet 
ascertained, amounting to 3"'74 of annual displacement. 
And a great many others have been observed to be thus 
constantly carried away from their places by smaller, but 
not less unequivocal motions. 

(612.) Motions which require whole centuries to ac- 
cumulate before thoy produce changes of arrangement, 
such as the naked eye can detect, though quite sufficient 
to destroy that idea of mathematical fixity which pre- 
cludes speculation, are yet too trifling, as far as practical 
applications go, to induce a change of language, and lead 
us to speak of the stars in common {parlance as otherwise 
than fixed. Too little is yet known of their amount and 
directions, to allow of any attempt at referring them to 
definite laws. It may, however, be stated generally, that 
their apparent directions are various, and seem to have 
no marked common tendency to one point more than to 
another of the heavens. It was, indeed, supposed by Sir 
William Herschel, that such a common tendency could 
be made out ; and that, allowing for individual deviations, 
a general recess could be perceived in the principal stars, 
from that point occupied by the star ( Herculis, towards 
a point diametrically opposite. This general tendency 
was referred by him to a motion of the sun and solar 
system in the opposite direction. No one, who reflects 
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with due attention on the subject, will be inclined to deny 
the high probability, nay certainty, that the sun has a 
proper motion in some direction ; and the inevitable con- 
sequence of such a motion, unparticipated by the rest, 
must be a slow average apparent tendency of all the stars 
to the vanishing point of lines parallel to that direction, 
and to the region which he is leaving. This is the ne- 
cessary effect of perspective ; and it is certain that it most 
be detected by such observations, if we knew accurately 
the apparent proper motions of all the stars, and if we 
were sure that they were independent, i, e, that the 
whole firmament, or at least all that part which we see 
in our own neighbourhood, were not drifting along 
together, by a general set^ as it were, in one direction, the 
result of unknown processes and slow internal changes 
going on in the sidereal stratum to which our system be- 
longs, ae we see motes sailing in a current of air, and 
keeping nearly the same relative situation with respect 
to one another. But it seems to be the general opinion 
of astronomers, at present, that their science is not yet 
matured enough to afford data for any secure conclusione 
of this kind one way or other. Meanwhile, a very in- 
genious idea has been suggested by the present astron- 
omer royal (Mr. Pond), viz. that a solar motion, if it 
exist, and have* a velocity at all comparable to that of 
light, must necessarily produce a solar aberration; in 
consequence of which we do not see the stars disposed 
as they really are, but too much crowded in the reffion 
the sun is leaving, too open in that he is approachmg. 
(See art. 280.) Now this, so long as the solar velocity 
continues the same, must be a constant effect which ob- 
servation cannot detect ; but should it vary^ in the course 
of ages, by a quantity at all comxxiensurate to the velocity 
of the earth in its orbit, the fact would be detected by a 
general apparent rush of all the stars to the one or omer 
quarter of the heavens, aeeording as the sun's motion 
were accelerated or retardid ; which observation would 
not fail to indicate, even if it^ should amount to no more 
than a very few seconds. This consideration, refined 
and remote as it is, may serve to give some idea of the 
delicacy and intricacy of any inquiry into the matter of 
proper motion ; since the last mentioned effect would ne- 

2H 
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cesBarily be mixed up with the systematic parallsZy vdd 
could only be separated from it by considering that the 
nearer stats would be affected more than the distant ones 
by the one cause, but both near and distant alike by Che 
other. 

(613.) When We cast our eyes over the concave of the 
heavens in a clear night, we do not faiil to observe that 
there are here and there groups of stars which seem to 
1)0 compressed together in a more condensed manner than 
in the neighbounng parts, forming bright patches and 
clusters, which attract attention, as if diey were there 
brought together by somd general cause other than casual 
distributipn. There is a group, called the Pleiades, in 
which six or seven stars may be noticed, if the eye be 
directed full upon it ; and many more if the eye be turned 
carelessly aside, while the attention is kept directed* 
upon, the group. Telescopes show fifly or siity large 
stars thus crowded together in a very moderate space, 
comparatively insulated from the rest of the heaveib. 
The cbnsti^llatipn called Conia Berenices is another sneh 
group, more diffused, and consisting of 'much larger 
star?. 

(614.) In the constellation Cancer, there is a some- 
what similar but less definite, luminous spot, called 
Praesiepe, or the bee-hive, which a very moderate tele- 
scope— au ordinary night-glass, for instance — ^resolves 
entirely into stars. In the sword handle of Perseus, also, 
is another such spot, crowded with stars, which requires 
rather a better telescope to resolve into individuals sepa- 
rated from each other. These are called clusters of stare , 
and, whatever be their nature, it is certain that other laws 
of aggregation subsist in these spots, than those whi6h 
have detdrinined the scattering of stars over the general 
surface of the sky. This conclusion is still more strongly 

* It ii a Tory renuofcable ftct, tlm^he centre of the visual area ia by 
fiurlen sensible to feeble impressiooi^lidit, than the exterior portioos 
of the retina. Few persons are aware o? the extent to which Ihis com- 
parative insensibility eztraids, previous to trial To appreciate it» let the 
reader look alternately full at a star of the fifth magnitude, and beside it ; 
mr choose two equally brij|rb^ and about 3<^ or 4^ apart, and kwk flill at 
one of them, the probability is, he will see only the oUieT : sach. at least, 
ii my own case. The &ct accounts for the multitude of stars with which 
we are impressed by a general view of the heavens ; their paucity 
when we come to count i^em.— Author. 
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pressed upon us, when we come to bring very powerful 
telescopes to bear on these and similar spots. There are 
a great number of objects which have been mistaken for 
comets, and, in fact, have very much the appearance of 
comets without taihT: small round, or oval nebulous 
sp^ks, which telescopes of moderate power only show 
as such, l^tessier has given, in the Connois. des Temps 
for 1784, a list of the places of 103 objects of this sort ; 
which all those who search for comets ought to be fami- 
liar with, to avoid being misled by their similarity of 
appearance. That they are not, however, comets, meir^ 
4xity su£Eiciently proves ; and when we conie to examine 
them with instruments of mat power — such as reflectors 
of eighteen inches^ two feet or more in aperture — any 
such idea is completely destroyed. They are then, for 
the most part, perceived to consist entirely of stars 
crowded together so as to occupy almost a definite out- 
laie, and to run up to a blaze of light in the centre, 
where their condensation is usually the greatest (See 
ftg. 1, pi. ii., which represents (somewhat rudely^ die 
thirteenth nebula of Messier's lust (described by mm as 
f^dndeuse sans etoUesJf as seen in the 20 feet reflector at 
plough.)* Many of them, indeed, are of an exacdy 
round figure, and convey the complete idea of a globular 
space filled foil of stars, insulated m the heavens, and con- 
stituting in itself a family or society apart from the rest, 
and subject only to its own internal laws. It would be 
a vain task to aUempt to count the stars in one of these 
globular chuterM. They are not to be reckoned by hun- 
dreds : and on a rough calculation, grounded on the 
apparent intervals between them at the borders (where 
they are seen not projected on each other), and the angu- 
lar diameter of the whole group, it would appear that 
many clusters of this description must contain, at least, 
ten or twenty thousand stars, compacted and wedged 
together in a round spacQ, whose angular diameter does 
not exceed eight or ten minutes ; that is to say, in an 
area not more than a tenth part of that covered by the 
moon. 



•This beautiful otgectwMfintnotioedbsrHdW in 1714. Itu< — 
M to dia naked ejre, between the itan ^ and K iMfculit. In a ni|{ht- 
glaM it appeal* exactly like a anaU round oomeL 
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(615.) Perhaps it may be thought to savour of the 
gigantesque to look upon the individuals of such a gnnip 
as SUDS like our own, and their mutual distances as equal 
to those which separate our sun from the nearest fixed 
star : yet, when we consider that their ttnited lustre ti* . 
fecis Aie eye with a less impression of light than a star 
of the fifth or sixth magnitude (for the largest of these 
clusters is barely visible to the naked eye), the idea we 
are thus compelled to form of their diitance from us may 
render even such an estimate of their dimensions faDQiUar 
to our imagination ; at all events, we can hardly look 
upon a group thus insulated, thus in teipio totUB^ tereSf 
atque rotundus, as not forming a system of a peculiar 
and definite character. Their round figure clearly indi- 
cates the existence of some general bond of union in the 
nature of an attractive force ; and, in many of them, 
there is an evident acceleration in the rate of condensa- 
tion as we approach the cientre, which is not referable to 
a merely uniform distribution of equidistant stars through 
a globular space, but marks an intrinsic demity in their 
state of aggregation greater at the centre than at the sur- 
face of the mass. It is difficult to form any conception 
of the dynamical state of such a system. On the one 
hand, without a rotatory motion and a centrifugal force, 
it is hardly possible not to regard them as in a state of 
progressive collapse. On the other, granting such a mo- 
tion and such a force, we find it no less difficult to recon- 
cile the apparent sphericity of their form with a rotation 
of tlie whole system round any single axis, without which 
internal collisions would appear to be inevitable.* The 
following are the places, for 1830, of a few of the prin- 
cipal of these remarkable objects, as specimens of their 
class : — 



R. A. 


N. P. D. 


R. A. 


N.P. a 


■r M. 

13 5 

13 34 

15 10 

16 36 


o » 

70 55 
60 45 
87 16 
53 13 


H. M. 

17 S9 
31 23 
SI S5 


O 1 

93 8 
78 34 
91 34 



(616.) It is to Sir William Herschel that we owe the 

most complete analysis of the great variety of those ob- 

^ See a note on thia mbject at the end of the iroilc p^ 
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jectB which are generalh classed under the common head 
o^ Nt6ul2e, but which have been separated by him into 
•> • Ist^ Clusterib of stars, in which the stars are clearly 
di'ttlnguishable ; and these, again, into globular and ir- 
regular clusters ; 2d, Resolvable nebulae, or such as ex- 
cite a suspicion th^t they consist of stars, and which 
any increase of the optical power of the telescope may 
be expected to resolve into distinct stars ; 3d, Nebnlae 
properly so called, in which there is no appearance 
whatever of stars ; which, again, have been subdivided 
into subordinate classes, according to their brightnest 
and size ; 4th, Planetary nebuls ; 5th, Stellar nebulae ; 
and, 6th, Nebulous stars. The great power of His tele- 
scopes has disclosed to us the existence of an immense 
number of these objects, and shown them to be distri- 
buted over the heavens, not by any means uniformly, 
but, ffenerally speaking, with a marked preference to a 
broad zone crossing the milky, way nearly at right 
angles, and whose general direction is not very remote 
from that of the hour circle of 0*^ and 12^. in some 
parts of this zone, indeed— especially where it crosses 
the constellations Virgo, Coma Berenices, and the Great 
Bear — they are assembled in great numbers ; being, 
however, for the most part telescopic, and beyond the 
reach of any but the most powerful instruments. 

(617.) Clusters of stars are either globular^ such as 
we have already described, or of irregular figure. These 
latter are, generally speaking, less rich in stars, and es- 
pecially less condensed towards the centre. They are 
also less definite in jpoint of outline ; so that it is often 
not easy to say where they terminate, or whether they 
are to be regarded otherwise than as merely richer parts 
of the heavens than those around them. In some of them 
the stars are nearly aU of a size, in others extremely dif- 
ferent ; and it is no uncommon thing to find a viery red 
star much brighter than the rest, occupying a conspi- 
cuous situation in them. Sir William Herscnel regards 
these as globular clusters in a less advanced state of con- 
densation, conceiving all such groups as approaching, by 
their mutual attraction, to Uie globular i&gure, and assem- 
blijQg themselves togetfier firotii all die surrounding n- 
ffion. un^r laws of which we havel it is true, no oAe* 
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proof than the observance of a gradation by which their 
characters shade into one another, so that it is impossible 
to say where one species ends and the other begins. 

(6i8.) Resolvable nebulae can, of course, only be con* 
sidered as clusters either too remote, or consisting of 
stars intrinsically too faint to affect fis by their individual 
light, unless where two or three happen to be close 
enough to make a joint impression, and give the idea of 
a point brighter than the rest. They are almost nnivei^ 
jsally round or oval — their loose appendages, and irreffo- 
larities of form, being as it were extinguished by the &- 
tance, and only the general figure of the more condensed 
parts being discernible. It is under the appearance of 
objects of Uiis character that all the greater globular clus- 
ters exhibit themselves in telescopes of insufficient opti- 
cal power to show them well ; and the conclusion is 
obvious, that those which the most powerful can barely 
render resolvable^ would be completely resolved by a 
further increase of instrumental force. 

(619.) Of nebulae, properly so called, the variety is 
again very great. By far the most remarkable are those 
represented in Jigs. 2 and 3, plate III., the former of 
which represents the nebulae surrounding the quadruple 
(or rather sextuple) star d in the constellation Orion ; the 
latter, that about », in the southern constellation Robur 
Caroli : the one discovered by Huygens, in 1656, and 
figured as seen in the twenty feet reflector at Slough ; 
the other by LacaiUe, from a figure by Mr. Dunlop, Phil. 
Trans. 1827. The nebulous character of these objects, 
at least of the former, is very different from what might 
be supposed to arise from the congregation of an im- 
mense collection of small slars. It is formed of little 
flocky masses, like wisps of cloud; and such wisps 
seem to adhere to many small stars at its outskirts, and 
especially to one considerable star (represented, in the 
figure, below the nebula), which it envelopes with a ne- 
bulous atmosphere of considerable extent and singular 
figure. Several astronomers, on comparing this nebula 
with the figures of it handed down to us by its discoverer, 
Huygens, have concluded that its form has undergone a 
perceptible change. But when it is considered how dif 
ficult it is to represent such y object duly* and how en- 
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tirely its appearance will differ, even in the same tele- 
scope, according to the clearness of the air, or other tem- 
porary causes, we shall readily admit that we have no 
evidence of change that can be rdied on. 

(620.) Plate II,, Jig. 3, represents a nebula of a quite 
different character. The original of this figure is in the 
constellation Andromeda near the star r. It is visible to 
the naked eye, and is continually mistaken for a comet, 
by those unacquainted with the heavens. Simon Marius, 
who noticed it in 1612, describes its appearance as that 
of a candle shining through horn, and the resemblance 
is not inapt. Its form is a pretty long oval, increasing 
by insensible gradations of brightness, at first very gra- 
dually, but at last more rapidly, up to a central point, 
which though very much brighter than the rest, is yet 
evidently not stellar, but only nebula in a high state of 
condensation. It has in it a few small stars ; but they 
are obviously casual, and the nebula itself offers not the 
slightest appearance to give ground for a suspicion of 
its consisting of stars. It is very large, being nearly 
half a degree long, and 15 or 20 minutes broad. 

(621.) This may be considered as a type, on a large 
scsde, of a very numerous class of nebulae, of a round 'or 
oval figure, increasing more or less in density towards 
the central point : they differ extremely, however, in 
this respect In some, the condensation is slight and 
gradual ; in others great and sudden : so sudden, indeed, 
Slat they present the appearance of a dull and blotted 
star, or of a star with a slight burr round it, in which 
case they are called stellar nebulae ; while others, again, 
offer the singularly beautiful and striking phenomenon 
of a sharp and brilliant star surrounded by a perfectly 
circular disc, or atmosphere, of faint light in some cases, 
d3ring away on all sides by insensible gradations ; in 
others, almost suddenly terminated. These are nebulous 
stars. A very fine example of such a star is 55 Andro- 
medae R. A. 1^ 43", N. P. D. 50° T. • Ononis and / of 
the same constellation are also nebulous ; but the nebula 
ifl not to be seen without a very powerful telescope. In 
the extent of deviation, too, from the sphericsd form» 
which oval nebula affect, a great diversity is observed : 
tome are only slightly elliptic ; others much extended 
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in length ; and in some, the extension so great, as to 
give the nehula the character of a long, narrow, spindle- 
shaped ray, tapering away at hoth ends to points. One 
of the motft remarkable specimens of this kind is in 
R. A. 12*» 28"; F. P. D. 63° 4'. 

(622.) Annular nebulae also exist, but are among the 
rarest objects in the heavens. The most conspicuoofl 
of this class is to be found exactly half way between the 
stars ^ and y Lyrae, and may be seen with a telescope of 
moderate power. It is small, and particularly weU de- 
fined, so as in fact to have much more the appearance 
of a flat oval solid ring than of a nebula.. The axes of 
the ellipse are to each other in the proportion of about 
4 to 5, and the opening occupies about half its diameter: 
its light is not quite uniform, but has something of a 
curdled appearance, particularly at the exterior edge ; 
the central opening is not entirely dark, but is filled op 
with a faint hazy light, uniformly spread over it, like a 
fine gauze stretched over a hoop. 

(623.) Planetary nebulae are very extraordinary ob- 
jects. They have, as their name imports, exactly, the 
appearance of planets ; round or slightly oval discs, in 
some instances quite sharply terminated, in others a 
little hazy at the borders, and of a light exactly equable 
or only a very little mottled, which, in some of them, ap- 
proaches in vividness to that of actual planets. What- 
ever be their nature, they must be of enormous magnitude. 
One of them is to be found in the parallel of r Aquarii, 
and about 5"" preceding that star. Its apparent diameter 
is about 20''. Another, in the constellation Andromeda, 
presents a visible disc of 12'', perfectly defined and 
round. Granting these objects to be equally distant 
from us with the stars, their real dimensions must be 
such as would fill, on the lowest computation, the whole 
orbit of Uranus. It is no less evident that, if they be 
solid bodies of a solar nature, the intrinsic splendour of 
their surfaces must be almost infinitely inferior to that 
of the sun's. A circular portion of the sun's disc, sub- 
tending an angle of 20", would give a light eqosl ip 
100 full moons; vidiile the objects in question acP 
hardly, if at all, discernible with the naked eye. The 
uniformity of their discs, and their want of apparent 
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central condensation, would certainly augur their light 
to be merely superficial, and in the nature of a hollow 
spherical shell : but whether filled with solid or gaseous 
matter, or altogether empty, it would be a waste of 
time to conjecture. 

(624.) Among the nebulae which possess an evident 
syjnmetry of form, and seem clearly entitled to be re- 
garded as systems of a definite nature, however myste- 
rious their structure and destination, the most remark- 
able are the 51st and 27th of Messier's catalogue. The 
former consists of a large and bright globular nebula 
surrounded by a double ring, at a considerable distance 
from the globe or rather a. single ring divided through 
about two fifths of its circumference into two lamins, 
and having one portion, as it were, turned up out of the 
'plane of the rest. The latter consists of two bright and 
highly condensed round or slightly oval nebulae, united by 
a short neck of nearly the same density. A faint nebu- 
lous atmosphere completes the figure, enveloping them 
both, and filling up the outline of a circumscribed ellipse? 
whose shorter axis is the axis of symmetry of the sy.s- 
tem about which it may be supposed to revolve, or the 
line* passing throvgh the centres of both the nebulous 
masses. These objects have never been properly de- 
scribed, the instruments with which they were originally 
discovered having been quite inadequate to showing the 
peculiarities above mentioned, which seem to place them 
m a class apart from all others. The one ofiers obvious 
analofiies either with the structure of Saturn or with 
that of our own sidereal firmament and milky way. The 
other has little or no resemblance to any other known 
object. 

(625.) The nebulae furnish, in every point of view, 
an inexhaustible field of speculation and conjecture. 
That by far the larger share of them consist of stars 
there can be little doubt ; and in the interminable range 
of system upon system, and firmament upon firmament, 
which we thus catch a glimpse of, the imagination is be- 
wildered and lost. On the other hand, if it be true,'as9 
to say the least, it seems extremely probable, that a phos- 
phorescent or self-luminous matter also exists, dissemi- 
nated through extensive regions of space, in the manner 
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of a cloud or fog — ^now assuming capricious shapes^ like 
actual clouds drOled by the wind, and now concentrating 
itself like a cometic atmosphere around particular stars ; 
what, we naturally ask, is the nature aod destination of 
this nebulous matter ? Is it absorbed by the stars in 
whose neighbourhood it is found, to furnish, by its con- 
densation, their supply of light and heat ? or is it pro- 
gressively concentrating itself by the effect of its own 
gravity into masses, and so laying the foundation of new 
sidereal systems or of insulated stars ? It is easier to 
propound such questions than to offer any probable reply 
to them. Meanwhile, appeal to faust, by Uie method of 
constant and diligent observation, is open to us ; and, as. 
the double stars have yielded to this style of questioning, 
and disclosed a series of relations of the most intpUifib^, 
and interesting description, we may reasonably bops' 
that the assiduous study of the nebuke will, ere long, lea^. 
to some clearer understanding of their intimate nature. 

(626.) We shall conclude this chapter by thq nieqr 
tion of a phenomenon which sqems to indicate the ex- 
istence of some slight degree of nebulosity about the mux 
itself, and even to place it in the list of nebulous st^n* 
It is called the zodiacal light, and may be seen any veiy 
clear evening soon after sunset, about the months cif 
April and May, or at the opposite season before sunrise, 
as a cone or lenticular-shaped light, extending froq^ the 
horizon obliquely upwards, and following, generally, 
the course of the ecliptic, or rather that of the sun's 
equator. The apparent angular distance of its vertex 
from the sun varies, according to circumstances, from 
40° to 90°, and the breadth of its base perpendicular to 
its axis from 8° to 30°. It is extremely faint and ill de- 
fined, at least in this climate, though better seen in tro- 
pical regions, but cannot be mistaken for any atmo- 
spheric meteor or aurora borealis. It is manifestly in the 
nature of a thin lenticularly-formed atmosphere, sur- 
rounding the sun, and extending at least beyond the 
orbit of Mercury and even of Venus, and may be con- 
jectured to be no other than the denser part of that me- 
dium, which, as we have reason to believe, resists the 
motion of comets ; loaded, perhaps, with the actual mar 
terials of the tails of millions of those bodies, of which 
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they have been stripped in their successive periheliofn 
passages (art. 487), and Which may be slowly subsiding 
into &e sun. 



CHAPTER Xni. 

OF THE CALENDAR. 

(627.) Time, like distance, may be measured by com- 
parison with standards of any length, and all that is 
requisite for ascertaining correctly the length of any in- 
terval, is to be able to apply the standard to the interval 
throughout its whole extent without overlapping on the 
one hand, or leaving unmeasured vacancies on the other; 
to determine, without the possible error of a unit, the 
number of integer standards which the interval admits 
of being interposed between its beginning and end ; and 
to estimate priecisely the fraction over and above an 
integer, which remains when all the possible integers are 
subtracted. 

(628.) But though all standard units of dme are equally 
possible, theoreti<»dly speaking, all are not, practically, 
equally convenient The tropical year and the solar day 
are natural units, which the wants of^man and the busi- 
ness of society force upon us, and compel us to adopt 
ds our greater and lesser standards for th^^easurement 
of time, for all the purposes of civil life ; ^nd that, in 
spite of inednveniences which, did any choice exist, 
would speedily lead to the abandonment of one or other. 
The principal of these are their incommenaurabilityi and 
the want of perfect uniformity in one at least of them. 

(629.) The mean lengths of the sidereal day and year, 
when estimated on an average sufficiently large to com- 
pensate the fluctuations arising from nutation in the one, 
and from inequalities of configuration in the other, are 
the two most invariable quantities Vhich nature presents 
ns with ; the former, by reason of the uniform diurnal 
rotation of the earth— -the latter on account of the inva^ 
riability of the axes of the planetary CHrbits. Hence it 
follows that the mean solar day is also invariable. It is 
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Otherwise vrith the tropical year. The motion of the 
equinoctial points Tariea not onlv from the retrograd»- 
tion of the equator on the ecliptic, but aUo partly from 
that of the ecliptic on the orbits of all the other pLanets. 
It is therefore variable, and this produces a rariation in 
the tropical year, which is dependent on the place of the 
equinox (arts. 317, 32d). The tropical year \a actually 
above 4-21* shorter than it was in the time of Hippar- 
chus. This absence of the most essential requisite foi 
a standard, viz. invariability, renders it necessary, since 
we cannot help employing the tropical year in our reck- 
oning of time, to adopt an arbitrary or artificial valne for 
it, so near the truth, as not to admit of the accumcdation 
of its error for several centuries producing any practical 
mischief, and thus satisfying the ordinary wants of eivil 
life ; while, for scientific purposes, the tropical year, so < 
adopted, is considered only as the representative of a. 
certain number of integer days and a fraction— the day 
being, in effect, the only standard employed. The case 
is nearly analogous to the reckoning of value by guineas 
and shillings, an artificial relation of the two coins being' 
fixed by law, near to, but scarcely ever exacdy coincident 
with, the natural one, determined by the relative market 
price of gold and silver, of which either the one or the 
other — whichever is really the most in^-ariable, or the 
most in use with other nations — may be assumed as the 
true theoretical standard of value. 

(630.) The other inconvenience of the standards in 
question is their incommensurability. In our measure 
of space, all our subdivisions are into aliquot parts : a 
yard is three feet, a mile eight furlongs, &c. But a year 
is no exact number of days, nor an integer number with 
any exact fraction, as one third or one fourth, over and 
above ; but the surplus is an incommensurable fraction, 
composed of hours, minutes, seconds, &c., which pro- 
duces the same kind of inconvenience in the reckoning 
of time that it would do, in that of money, if we had 
gold coins of the value of twenty-one shillings, with odd 
pence and farthings, and a fraction of a farthing over. For 
this, however, there is no remedy but to keep a strict re- 
gister of the surplus fracdona ; and, when they amount 
tc a whole day, cast them over into the integer account 
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(631.) To do this in the simplest and most convenient 
manner is the object of a well-adjusted calendar. In the 
Gregorian calendar, which we follow, it is' accomplished, 
with remarkable simplicity and neatness, by carrying a 
little farther than is done above the principle of an as- 
sumed or artificial year, and adopting two such years, 
both consisting of an exact integer number of dayis, 
viz. one of 865 and the other of 366, and laying down a 
simple and easily remembered rule for the order in which 
these years shall succeed each other in the civil reckoning 
of time, so that during the lapse of at least some thou- 
sands of years the sum of the integer artificial, or Gre- 
gorian, years elapsed shall not dififer from ^e same 
number of real tropical years by a whole day. By this 
contrivance, the equinoxes and solstices will always fall on 
days similarly situated, and bearing the same name, in each 
Gregorian year ; and the seasons will for ever correspond 
to the same months, instead of running the round of the 
whole year, as they must do upon any other system of 
reckoning, and used, in fact, to do before this was adopted. 

(632.) The Gregorian rule is as follows : — The years 
are denominated from the birth of Christ, according to 
one chronological determination of that event. Every 
year whose number is not divisible by 4 Without re- 
mainder, consists of 365 days ; every year which is so 
divisible, but is not divisible by 100, of 366 ; every year 
divisible by 100, but not by 400, again of 365 ; and every 
year divisible by 400, again of 366. For example, the 
year 1833, not being divisible by 4, consists of 365 
days ; 1836 of 366 ; 1800 and 1900 of 365 each ; but 
20O0 of 366. In order to see how near this rule will 
bring us to the truth, let us see what number of days 
10000 Gregorian years will contain, beginning with the 
3rear 1. Now, in 10000, the numbers not diwsible by 4 
will be I of 10000, or 7500 ; those divisible by 100, but 
not by 400, will in like manner be | of 100, or 75 ; so 
that, in the 10000 years in question, 7575 consists of 
866, and the remaining 2425 of 365, producing in all 
B652425 days, which would give for an average of each 
year, one with another, 365^*2425. The actual value of 
the tropical year (art. 327) reduced mto a decimal frae- 
tion, is 865*24224, so the error o£ the Gregorian mle on 

21 
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10000 of the present tropical years is 2*6, or 2* 14* 24"' ; 
that is to say, less than a day in 3000 years ; which is 
more than sufficient for all human purposes, those of the 
astronomer excepted, who is in no danger of heing led 
into error from this cause. Even this error might he 
avoided by extending the wording of the Gregorian rule 
one step farther than its contrivers probably thought it 
worth while to go, and declaring that years divisible by 
4000 should consist of 365 days. This would take off 
two integer days from the above calculated number, and 
2*5 from a larger average ; making the sum of days in 
100000 Gregorian years, 36524225, which differs only 
by a single day from 100000 real tropical years, such as 
diey exist at present. 

(633.) As any distance along a high road might, 
though in a rather inconvenient and roundabout way, be 
expressed without introducing error by setting up a series 
of milestones, at intervals of unequal lengths, so that 
every fourth mile, for instance, should be a yard longer 
than the rest, or according to any other fixed rule ; takmg 
care only to mark the stones, so as to leave room for no 
mistake, and to advertise all travellers of the difference 
of lengths and their order of succession ; so may any in- 
terval of time be expressed correctly by stating in what 
Gregorian years it begins and ends, and whereabouts in 
each. For this statement, coupled with the declaratory 
rule, enables us to say how many integer years are to be 
reckoned at 365, and how many at 366 days. The latter 
years are called bissextiles, or leap-years, and the sur- 
plus days thus thrown into the reckoning are called tn- 
tercalary or leap-days, 

(634.) If the Gregorian rule, as above stated, had al- 
ways been adhered to, nothing would be easier than to 
reckon the number of days elapsed between the present 
time and any historical recorded event. But this is not 
the case ; and the history of the calendar, with reference 
to chronology, or to the calculation of ancient observa- 
tions, may be compared to that of a clock, going regularly 
when left to itself, but sometimes forgotten to be wound 
up ; and when wound, sometimes set forward, sometimes 
backward, and that often to serve particular purposes and 
private interests. Such, at least, appears to have been 
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the case with the Roman calendar, in which our own 
originates, from the time of Numa to that of Julius 
Gftsar, when the lunar year of 13 months, or 355 days, 
was augmented at pleasure, to correspond to the solar, 
by which the seasons are determined,- by the -arbitrary 
intercalations of the priests, and the usurpations of the 
decemvirs and other magistrates, till the confusion be- 
came inextricable. To Julius Caesar, assisted by Sosi- 
genes, an eminent Alexandrian astronomer and mathe- 
matician, we owe the neat contrivance of the two years 
of 365 and 366 days, and the insertion of one bissextile 
after three common years. This important change took 
place in the 45th year before Christ, which was the first 
regular year, commencing on the 1st of January, being 
the day of the new moon immediately following the 
winter solstice of the year before. We may judge of 
the s^te into which the reckoning of time had fallen, 
by the fact, that, to introduce the new system, it was 
necessary to enact that the previous year (46 b. c.) 
should consist, of 455* days, a circumstance which ol]^ 
tained it the epithet of ** the year of confusion." 

(635.) The Julian rule maide every fourth year, with- 
out exception, a bissextile. This is, in fact, an over- 
correction ; it.supposes the length of the tropical year to 
be 3654^, which is too great, and thereby induces an 
error of 7 days in 900 years, as will easUy appear on 
trial. Accordingly, so early as the year 1414, it began 
to be perceived &at the equinoxes were gradually creep- 
ing away from the 21st of March and September, where 
they ought to have always fallen had the Julian year 
been exact, and happening (as it appeared) too^ early. 
The necessity of a fresh and effectual reform in the calen- 
dar was from that time continually urged, and at length 
admitted. The change (which took place under the 
popedom of Gregory XIU.) consisted in the omission of 
ten nomin^^I days after the 4th of October, 1582 (so that 
the next day was called the 15th, and not the 5th), and 
the promulgation of the rule already explained for future 
regulation. The change was adopted immediately in all 
catholic countries ; but more slowly in protestant In 
England, ** the change of style," as it was called, took 
place* after the 2d of September, 1752, eleven lominal 
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lays being then struck out ; so that, the last day of Old 
Style being the 2d, die first of New Style (the next day) 
was called ike 14tfa, instead of the 3d. The same legis* 
latire enactment which established the Gregorian yeat 
in England in lt52, shortened the preceding year* 1751, 
by a fall quartev. Previous to that time, the year was 
held to begin with the 2dth March, and the year a. o. 
1751 did so accordingly ; but Ikat year was not suffered 
to run oAt, but was supplanted on the 1st January by 
the year 1752, which it was enacted s^uld com- 
mence on that day, as well as every subsequent year. 
Russia is now the only country in Europe in which the 
Old Style is still adhered to, and (another secular year 
having elapsed) the difference between the European and 
Russian dates amounts, at present, to 12 days. 

(636.) It is fortunate for astronomy that the confusion 
of dates and the irreconcilable contradictions which his- 
torical statements too often exhibit, when confronted 
with the best knowledge we possess ~of the ancient reck- 
onings of time, affect recorded observations but little. An 
astronomical observation, of any striking and well marked 
phenomenon, carries with it, in most cases, abundant 
means of recovering its exact date, when any tolerable ap- 
proximation is afforded to it by chronological records ; 
and, so far from being abjecdy dependent on the ob- 
scure and often contradictory dates which the compari- 
son of ancient authorities indicates, is often itself the 
surest and most convincing evidence on which a chrono- 
logical epoch can be brought to rest. Remarkable eclipses, 
for instance, now that the lunar theory is thoroughly un- 
derstood, can be calculated back for several thousands of 
years, without the possibility of mistaking the day of 
their occurrence. And whenever any such eclipse is so 
interwoven with the account given by an ancient author 
of some historical event, as to indicate precisely the 
interval of time between the eclipse and the event, and 
at the same time completely to identify the eclipse, that 
date is recovered and fixed for ever.* 

(637.) The days thus parcelled out into years, the 

♦ See the remarkable calculations of Mr. Baily relative to the cele 
')rated solar eclipse which put an end to the battle between the king* 
olMedia and Lydia, b. c. 610, Sept 30. Phil. Trans ci. 220. 
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next step to a perfect knowledge of time is to secure the 
identification of each day, by imposing oh it a name uni- 
versally known and employed. Since, however, the 
days of a whole year are top numerous to admit of load- 
ing the memory with distinct names for each,' all nations 
have felt the necessity of breaking them down into par- 
cels of a moi% moderate extent ; giving names to' each 
of these parcels, and particularizing the days in each by 
numbers, or by some especial indication. The lunar 
month has been resorted to in many instances ; and some 
nations have, in fact, preferred a lunar to a solar chro- 
nology altogether, as the Turks and Jews coptjime to do 
to this day, making the year consist of 13 lunaur months, 
or 355 days.* Our own division into twelve unequal 
months is entirely arbitrary, and often productive of con- 
fusion, owing to the equivoque between the lunar and 
calendar month. The intercalary day naturally attaches 
itself to February as the shortest. 

* llie Metonic cycle, or the fact, discovered by Meton, a Greek ma* 
thematician, that 19 solar years contain just 235 lunations (which in Act 
they do to a very great degree of approximation),^ vim duly appreciated 
by the Greeks, as ensuring the correspondence of the soliCr and lunar 
Fean, and honours were decreed to its discoverer. 
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NOTE 
Oil At Ccn^uHon of a Globular Cluster, rtferred torn page 374. 

r 

If we BuppoBe a globular space filled with equal stan, uniformly dia- 
persed through it, and very numerouB, each of them attracting every 
other with a force invenely as the iqnare of the distance, the resultant 
Ibrce by which an;^ one of them (those at the surface alone excepted) 
will be urged, in virtue of their joint attractions, will be directed towards 
the common centre of the sphere, and will -be directly as the distance 
therefrom. This follows from what Newton has proved of the iniemal 
attraction of a homogeneous sphere. Now, under such a law of force, 
each particular star would describe a perfect ellipse about the common 
centre of gravity; as its centre, and thatt in whatever plane and whatever 
direction it might revolve. The condition, therefore, of a rotation of 
the cluster, as a mass, about a single axis would be unnecessary. Each 
ellipse, whatever might be the proportion of its axes, or the inclination ti 
its plane to the others, would be invariable in every particular, and all 
would be described in one common period, so that at the end of every 
such period or annu8 magnus of the system, every star of die cluster 
(except the superficial ones) would be exactly re-estabHshed in its 
original position, thence to set out afresh and run the same unyaiyinf 
round for an indefinite succession of ages Supposing their motiorai, 
therefore, to be so adjusted at any one moment as that the- orbits 
riiould not intersect each other, and so that the magnitude of each star, 
and the sphere of its more intense attraction, should near but a small pro* 
portion to the distance separating the individuals, such a system, it it 
obvious, might subsist, anu realize, in great measure, that abstract and 
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Sthoptic Ta^le of the Elements of the Solab Ststsx. 



N. B.— The data for Vesta, Juno, Ceres, and Pallas are for January 1, I8SO1. 

The rest for January 1, 1801. 



Planet's 
same. 


JWcan distance 
from Sun, or 
• Semi-axis. 


Mean Sidereal 

Period in Mean 

Solar Days. 


Eccentricity in ' 
Parts of the 
Semi-axis. 


Mercury 

Venus 

Berth 

Mars 

Vesta 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Uranus 


0-3870981 
0*7238316 
l*0d50000 
1-5236923 
2-3678700 
2-6690090 
2-7672450 
2-7728860 
5-2027760 
9-5387861 
19-1823900 


87-9692580 

224-7007869 

365*2563612 

686-9796458 

1325-7431000 

1592-6608000 

1681-3931000 

1686-5388000 

4332-5848212 

10759-2198174 

30686-8208296 


0-2055149 
0^0068607 
0*0167836 
0*0933070 
0-0891300 
0-2578480 
0-0784390 
0-2416480 
0-0481621 
00561505 
0-0466794 


Planers ' 
nane. 


Inclination to the 
- Ecliptic. 


Longitude of 
ascending Node. 


Longitude of 
Perihelion. 


Mercury 

Venus 

Earth 

Mwrs. 

Vesta 

Juno 

Ceres 

Pallas 

Jupitur 

Saturn 

Uranus 


70 Qf Qff.l 

3 23 28 -5 


45<> 57'30"*9 
n 54 12 -9 


740 21' 46" -9 
128 43 53 •! 

99 30 5 *0 
332 23 «6 *e 
249 33 24 *4 

53 33 46 'O 
147 7 31 *5 
121 7 4 *3 

11 8 34 *6 

89 9 29 *8 
167 31 16 -1 


1 51 6 -2 

7 8 9-0 

13 4 9-7 

10 37 26 -2 

34 34 55 -0 

1 18 51 -3 

2 29 35 -7 
46 28 -4 


48 3-5 
103 13 18 *2 

171 7 40 -4 
80 41 24 -0 

172 39 26 -8 
98 26 18 *9 

111 56^. 37 -4 
72 59 35 *3 


Planer^ 

BABM. 


Mean Longitude 
at the Epoch. 


Mass in Billlonths 
of the Sun's. 


Equatorial Dia- 
meter, the Sun*8 
being 111*454. 


Mercury 

Venus 

Earth 

Mars 

Vasta 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

UranuB 


166° C 48" -6 
11 33 3 -0 
100 39 10 -2 
64 22 55 -5 
278 30 '4 
200 16 19 *1 
123 16 11 -9 
108 24 57 -9 
112 15 23 -0 
135 20 6 -5 
177 48 23 -0 


493628 
2463836 
2817409 

392735 


0-398 
0*975 
1*000 
0-617 

10-860 
9*987 
4-332 








953570222 

284738000 

55809812 
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Stnoptic^able of the Elements of the Orbits of 
THE Satellites, so far as thet are known. 



N. 6. — Hie distances are expreesecl in ^qaatofial radii of ihe pri- 
maries. The epoch is Jan. 1, 1801. The periodic &c. «ie ax- 
pressed in mean solar days. 



I. The Moon, 



Mean distance from earth 
Mean sidereal revolution 
Mean svnodical ditto 
Eccentricity of orbit 
Mean revolution of nodes 
Mean revolution of apogee 
Mean longitude of node at epoch 
Mean longitude of perigee at do. 
Mean inclination of orbit 
Mean longitude of moon at epoch 
Mass, that of earth being 1, . 
Diameter in miles 



3d'-98217500 
27<>-d21661418 
29<^&30588715 
(H>54844200 
6793d*991080 
3232<**675343 

13° 6af IT" -7 

266 10 7 -6 

5 8 47 -9 

118 17 8 *3 

00125172 

2160 



II. Satellites of Jupiter. 



Sat. 

1 
2 
3 
4 


Mean Distance. 


Sidereal 
Revolution. 


Inclination of 

Orbit to that of 

Jupiter. 


Mara; that 
of Jupiter 

beinff 
lOOOOOQKWa 


604853 

9-62347 

15-35024 

26-99835 


1* 18*» 28" 
3 13 14 
7 3 43 
16 16 32 


3« S' 30^' 
Variable 
Variable 

2 58 48 


17328 
23235 
88497 
42659 



The eccentricities of the 1st and 2d satellite are insennble, that 
of the 3d and 4th small, but variable in consequence of their mutual 
perturbations. 
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III. Satellites of Saturn. 



Sat. 


Mean 
Distance. 


Sidereal 
Revolution. 


Eccentricities and Inclinations. 


1 
2 
3 
4 
5 
6 
7 


3*351 
4-300- 
6*284 
6*819 
9*524 
22*081 
64*359 


Qd 22»» 38°» 
1 8 53 

1 81 18 

2 17 45 
4 12 25 

15 22 41 
79 7 65 


The orbits of the six interior 
satellites are nearly circular, 
and very nearly in>the plane of 
the ring. That of the seventh 
is considerably inclined to the 
rest and approaches nearer to 
coincidence with the ecliptic. 



IV. Satellites of Uranus. 



Sat 


Mean 
Distance. 


Sidereal Period. 


m 

inclination to Ecliptic. 


11 


13*120 


5d 21h 25" 0« 


Their orbits are inclined 


2 


17*022 


8 16 56 5 


about 78° 68' to the 


31 


19*845 


10 23 4 


ecliptic, and their motion 


4 


22-752 


13 11 8 59 


is retrograde. The pe- 


51 


45*507 


38 1 48 


riods of the 2d and 4th 


61 


91-008 


107 16 40 


require a trifling correc- 
tion. The orbits appear 








to be nearly circles. 



'n 
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A. 



AiB, 28. Mechanical lawi for regu- 
lating its dilaticm and compres- 
sion; rarefraction of, 29. Density 
of^ 29. Refractive power of, af- 
fected by its moisture, 33. 

Angle of reflection equal to that of 
incidence, 91. 

Angles, measurement of, 82. 

Anomalistic and tropical years, 196. 

Apparent diurnal motion of the hea- 
venly bodies explained, 45. 

Apsides, their motion illustrated, 
338. 

Astronomical instruments, 66! 
Practical difliculties in the con- 
struction of, 67. Observations in 
general, 68. 

ASionom[, 7. General notiotas 
ooncermng the science, 14. 

Adnosphere, 29. Refractive power 
of the, 31. Genera] notions of its 
amount, and law of variation, 34. 
ReflectiTe power of, 36. 

Attraction, magnetic and electric, 
224. Of spheres, 225. Solar at- 
traction, W. 

Azimuth and altitude instrumsnts, 
99. 



Barometrical determination of 
heiefats, 149. 

Biot,Mn his aeronautic expedition, 
87, 

Bode's law of planetary distances, 
262. 

Bodies, efiect of the earth*s attrac- 
tion on, 124. Motion of, 222. 
Rule for determining the velo- 
djtv o^ 223. Problem of three, 

Borda, his inventioii<rf'die principle 
of repetition, lOa 



t > 




C. 



Calendar, 381. Gregorian, 
Julian, 385. ^ „- 

Cause and effect, 221. 

Celestial refraction, 38. Maps, 151. 
Construction of, by observatKMw 
on right ascension and dniljni 
tion, 152. Objects divided ISl» 
fixed and erratic, 155. Longitude! * 
and latitudes, 160. 

Centrifugal force, 118. 

Chronometers, 78. 

Circles, coordinate, 96. 

Clairaut, 124. 

Clepsydras, 78. 

Clocks, 78. 

Comets, their number, 283. Their 
tails, 284. Their constitution. 285. 
Their orbits, 287. Their predicted 
returns; Encke's, 291. Biela's, 
291. Their dimensions, 293. 

Copemican explanation of the sun's 
apparent motion, 185. 

D. 

Dates, astronomical means of fixing, 

386. 
Day, solar, civil measure of time, 

^1. Sidereal, 381. 
Definitions of various terms employ* 

ed in astronomy, 56. 
Diurnal or geocentric parallax, 181. 

£. 

Earth, the, one of the principal ob- 
jects of the astronomer*s conside- 
ration ; opinions of the ancients 
conceniing, 16. Real and appa- 
rent motion of, explained, 17. 
Form and magnitude of, 19. Its 
apparent diameter, 21 . A diagram 
elucidating the circular form o^ 
22. Efifect of the curvature of, 
24. Diurnal rotation of, 42. Poles 
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oC 50. Figure of, 106. Means 
of detennininff with accuracy the 
dimensions of the whole or any 
part of, explained, 107. Meridio- 
nal section of, 1 12. Exact dimen- 
nons o€ 114. Its form that of 
equilibrium, modified by centri- 
fugal force, 117. Local variation 
of gravity on its surface , 1 20. Ef- 
fects of the eartli's rotation, 123. 
Correction for the sphericity of, 
144. The point of the earth's 
axis, 1G3. Uonical movements of, 

. 1^ Mutation of, IGd. Parallcl- 

' inA of, 186. Proportion of its mass 
to that of the sun, 274. 

Ecliptic, the, 157. Itsposition amonff 
the stars, 158. Poles of, 159. 
t'lane of its secular variation, 308. 

ElUplic motion, laws of, 179. 

Equations for precession and nuta- 
tion, 167. 

Equatorial or parallactic instru- 
ment, 98. 

Eouinoxes, procession of the, 162. 
lJranographi(»l eflfoctof, 162. 

Eccentricity of the planetary orfaiti, 
its variation, 343. 

Explanation of the seasons, 186. 

F. 

Floadng collimator, invented by 

Captain Kater, 95. 
Force, centrifugal, 223- 

G. 

Gay-Lussac, his aeronautic expedi- 
tion, 28. 

Galileo discovers Jupiter's satellites, 
279. 

Geographical latitudes determined, 
129. 

Geography, outline of, so far as it is 
to be considered a part of astro- 
nomy, 105. 

Gravitation, law of universal, 222. 

Gravity, local* variation of, 119. 
Statical measure of, 121. D}ma- 
mical measure of, 122. Terres- 
trial, 222. Diminution of, at the 
moon, 224. Solar, 229. 

H. 

Madley 8 sextant, 101. 

lialley discovers the secular accele- 



ration of the moon^s mean moliof^ 

333. 
Harding, Profeamr, 262. 
Uorschel, Sir William, his view of 

the physical censtitutioii of the 

sun, 198. 
HoriEon, dip of the, explained, 23. 
Hour-glass, 78. 



Kater's floating collimator, 95. 

Kepler, the first who ascertaiiMd the 
elliptic form of the earth's orlnly 
179. Hit laws, and their intop- 
pretation, 350. 



Lalande, his ideas of the ipoti on 
the sun, 199. 

Laplace acooimts for the secular ao« 
celeration of the moon, 333. 

Latitude, 59. Length of a desree 
of, 109. 

Level, description and use ofy 92.. 

light, aberration of, 169. UruitK 
graphical eflect of, 172. Its velo* 
city proved by eclipses of Jupiter*! 
satellites, 280. 

Longitudes, determination of, by 
astronomical observation, 13i 
Differences found by chronome- 
ters, 132. Determined by tele- 
graphic signals, 134. 

Lunar eclipses, 215. 

M 

Maclaurin, 124. 

Maps, construction of, 141. Proiao- 
tions chiefly used in, 146. The 
orthographic, stereographic, and 
Mercator's, 146. 

Menstrual equation, 273. 

Mercator's projection of the spheiw, 
147. 

Mercury, the most reflective fluid 
known, 91. 

Meridian, or transit circle, for ascer- 
taining the right ascensions and 
polar distances of objects, 91. 

Microscope, compound, 85. 

Milky Way, 157, 351. 

Moon, the, its sidereal period; its 
apparent diameter, 203. Its pan^ 
lax, distance, and real dipuneter 



am. The lami of in orbit, 
that ol the »aa. it elliiitic, bui 
lidanUr more ecceainc i IheGnl 
mppcDximadoa lo ita orbiU HHt- 
Mnliana of tba a«!« oT. 205. Oc- 
, cuUuioiu dC £07. Pt>iuesoi;3ll. 
In Bvnodical periods, 212. Bovo- 
luilana of ihe ■pndu of, Sie. 
PhyaicBi comLiuuioQ oC 217. lis 
iDOiUitainB, 2)8. in ftuaoaphflre, 
^a eutadan of; libratiua of; 
iO). Diminuli on of gravity at Ihi 
diBlance of it fmni the earth, 22 
III gravity lonrard* the earth ; ti 
wBria Ihe ■oD. 273. lu inotis 
diitaibed by (lu UD'a atlncliDi 
S33. . AM^smion of iu mea 

' ma. ^0(iaD,]lBnllKlicl6. A; 

* paMuiosa TMlliaE irom diunu 
■Dofim, 1ft RmT and apporri 
nntion of die earth deaonbed, 1& 
Of bodiea, Sffl. Lbwh uf oUipIi 
— , OtImI of iho enri 



MelinlB Sir W. Berarhri'R diMO- 
veiin Di; 375. ReMlvahle. 376. 
Annular, 37a Planetiiiy. 378. 

Newton, hii low of univerul gm' 
laiion, 339. 

Nodei, their nunioDi. 302. 

NamtioD, its fbjiiat cansea, 313 



ParaUai,52. 

Pendnlum, ISff 

Periurbniaona, 391 Of the planeta- 
ry orblta, 319. 

Planet method of oscertoinina ilH 
maaa, compared with Ibal of the 
HID. H^sa It hni a latelltle, 274. 

Ilanet*, the, 231. Apparent moiloi 
or; 238. Their atationi and reirc 
gndaliom. 333. The iiin the! 



lancei from the gun. S3S. Holiaa. 
oftite inforior planeBj lmMt*dC 
236. EloogatiDooOBS. TMb 
lidereal pniodK HO. BfMiiml 
revolulipni af. SU^ PhMM M 
Mercury and Mui, S4>. niiffit* 
of Veoui enUnad, MO. fi«M- 
nor planafcte. TbfU/fkmfn 
ondpeoadMHT. ftladwlfi><t» 
lennmipg Osir iidamt' M i i o^ 
and diMMieMM& BmsST*!*. 



. ... . £llipb. 
neuta of Ae rlwiiifTiiTM^; 
" fflrjffrir **" — -- — 



asi 



.£": 



Their hdiMaaOio ul jeOoNiilirle 
placei,ai8. nutiwBltiHgdi- 
acal planak, dlaanrend in UDU • 
Sfil. llie diydnd pMolia^M 
and pKd«U* eaadUoD «f tte 
wveral ptanatt, sn, llair sf 
nireot and raid djaswIcTK 1B6 
Tbeir periods uoollerabte, 3BS. 
Their manes discovered iivU- 
'Udenlly ofsLtolUtas, 347. 

BituaUou oC 89. 
Crecenien, iU phyamil cutse*i 3M- 
Prqjectilet, motiDDoCaaa. Cunol^ 
jieu path d£ 8i2. 

H. 



Refrsction, 31. Of tha atmiMph^n 
31. EObcU aC u niw bU tha 
beaveidy bodiea higbar abova fha 

horizon in B{meaniics dian majr 

of iu amount, and law of variMJon, 
34. Teneatrial relcaalioii, M. 
CeleBCial re&BCIiiin. 3a 
ejwijiion. principle at, invented Jlf 
Borda, 103. 



of the Ie 
or Jupiter, 27S. Theic 
Sotum,)ii> sBtellites, 38 



and, 117. 
inntion oi the, IB6, 
rf fleeting circle, 101 
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fldowd tone, rackoned- by the di- 

UDil inoCioQ of the ftUB, 62. 
flhinifiliintrirHicbnlliaiiey, 355. . 
8olwedipMi»90a Svstem, 231. 
^tei^eeleeciia, 89. FnateOptm 

ttlan, ML Dtattnoe o^ ftom the 
Mrlh,ML Sidereal time Teckmed 
bf dM dimnal motioiifof the,68. 
VhUe Imt dvr, 6ft. . Fixed and 

• •mtie,loft. Their relattrenMff- 
niliidei infinite number, M^ 
Tlieir diitribatkm in die heerem, 
aftL Their djatanoei, 8S8. Hie 

' oaotrH nf plenetBiy lyitemi, 866. 
Ftriodiod, 866. TVmporaiy,86a 
Dooble,86a Biniuy,S6i. Their 
orMlielliplio,866. Their ookmn, 
86a Their proper motione, 869. 
Cloften 9if 873. Globular dof- 
leno£874. Irregular clnateieoi; 
87S. Nebuloui, 877. 

Son, apparent motioa ci die, not 
nniionn,176. Ita apparent diame- 
iir alio variable, 177. Ita orbit 
MC eironlar, but ellipdoaL 177. 
Variation ofitadktance, 179. Ita 
apparent annual motion, 180. 
nrallazof;i80. In distance and 
magnitude, 183. DimensionB and 
rotation of| 184. Mean and true 
longitude of, 192. Equation of its 
centre, 193. Physical oonititution 
oC 197. Density of; force of gra- 
Titv on ita surfacef 227. The dia- 
tunring e^ct oC on the moon's 
motion, 228. 

T. 

fable, exhibiting degrees in differ- 
ent latitudes, ezprMsed jn British 



standard feet, aa reaolthig Aon 
actual meaaorament, IIL 

Teleaoope, 8ft. AptiKnilMm o^ dia 
grand aoutfoe of all the p— c i s hm 
of modem aatronon y, 06. . Difler- 
encea of durlinatinn mwiiimid br, 
87. ^ 

Terreatrial reftacdon, 8& 

T heodolite, cflnat m cdrih of die, 144. 

Tideab dwir pfayikal omaa,S14. 

Tima, meaaoremaot oC 78L Jta 
inmaBuiea 001. 

Tradb-windi, IM, Eznlamdoii of 
thia pheoanenan, 18ft. Gonpao- 
aatioaoC 187. 4 

Transit instmment, 76w 

TVignometrical sormr, 14S. 

IVopioal and aiinmaljatio yesn^ 196. 

Twilidit canaed by die lefleedon 
of meannaDd die aooa on die 
atmosphere, 85ii 

U. 

Uranographioal pioblani^ 1781 
Uranogra^y, lol. 
Uranus, his — ^-"*'— ■-'*• 
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Variations, periodio and aecnlar 
320. 

T. 

Year, tropical, die dvil 
time, 381. Sideieal* 881. 



Zodiac, the, 157. 
Zodiacal light, 880. 
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QUESTIONS 
TO THE INTRODUCTION 



(IWHow should a student endeavour to prepare his mind for the reception 
of truth? 

(9)— Why is this preparation necessary in Astronomy 7 Illustrate this re- 
mark with respect to the earth— the sun and moon— the planets. 

(3)— What is taken for granted in the conduct of this volume ? What ad- 
vantage arises ftom this assumption ? 

(4)— What kind of method is adopted by the author ? Why is such a ccanw 
considered proetica&^e 7 why eligible? 

f J^What system is taken for granted A'om the onset ? 

(6)— What preliminary knowledge is necessary? Where can it be ob- 
tained? 

(TWWhat is necessary for admission to the temple of sciec.ee 7 

{8)~What advantage wjU a finished student derive from a plain treatiak 
like this? 

(9)— What deficiency is sometimes felt by the mathematical student ? How 
may this deficiency be remedied ? 

(10>— What is the aim of this -treatise? What causes the indistinctnew 
of most treatises on this subject ? 

aUESTIONS TO CHAPTER I. 

(11)— What is the meaning of the word astronomfff What was the an* 
dent meaning of adrvlogv? 

(13)— What is tlie chief ol^ect of the astronomer^s consideration? From 
what does it derive its importance ? 

(13)— Why does it seem stranre to class the earth among the -beavenly 
bodies? What is the finpt step towards obtaining sound know- 
ledge? 

(14)— Wliat is meant by sitting still upon the earth ? Are the movements 
that we perceive among tho stars real ? 0( what importance is tha 
question of the earth being at rest 7 

(15)— What is the nature of this motion of the earth? Why do we per- 
ceive no Jerks nor ekeeke 7 Give the example. 

(16)— niustrate this 1^ appearances on riiip board. 

(17>— Give a ftirtber'iUastration Arom the appearan<» of a landscape while 
riding rapidly tlffough it. What name is given to such motions ? 

(18)— What prejudice must first be got rid of? Prove this to be a preju- 
dice by the' daily motion of the sun, moon, and stars. Has the 
earth any under side ? 

(10)— What is next in impwtance after conceiving that the earth has no 
foundation ? 

(90)— Can the land be seen to be round ? Is this the case with the surface 
of the sea? How is it shown that the earth's surfkce is circular? 
■What is such an instrument called ? 

(31)— How does the earth appear fi-om mount ^tna ? What is the effect 
upon its apparent rize? what on the abselMe quantity seen ? 

^)— Are these appearances universal ? What inference is drawn ? 

(33)— lllustflKe the roundness of the earth by the diaerram. 

;94)— What IS meant by the dip of the horizon ? What relations hava 
the plumbline and the spirit-level line to each other? 

(35)— What is the Ist general inference drawn from the foregoing explana- 
tions ? What is the 3d ? 

(36)— What part of objects is seen beyond the offing at sea I Describe 
the appearance of a shipat sea recedin|[ from a station. 

rs?)— Illustrate the diagram. What general principle is involved ? 
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^n)~ Apply this reafloning to the approziiiiate detenniiimtion of the e«rth*fl 
•emi-dianteier. 

(89)— How would the roo^mefli on the earth*! sorflBce appear on a 16 inrii 
globe? 

(30)— How wouM the deepest mine be repreaeDted ? 

(31)— How would the oeean be represented ? 

(38)— How high did Messrs. Biot and Gay-Lossae ascend? What nart 
of the earth's surftce did they see? What part is visible nx>m 
UHmntiEtna? 

«33)— Bow are we made sensible of an aseent ftpm the earth? How &r 
does the barometer fall in ascending 1000 feet? How tesh is. .gtna ? 
Mention the same partieolars eooeerning CotopaxL What inlier- 
ence is drawn from these Acts? Woola there be any air at the 
height of 30 miles ? 
-What are ckrads ? What is their greatest height ? 
-Describe the earth*s atnpe|rtiere. 
-Is there any limit to the atmos^iere? 

-Does the air become raier in ascending? Is this distribation aAeted 
by moantains? 

(38)— What property does air poswss in common with all transparent me- 
dia ? What elfeet has this tranqiaren^ ? 

(S9>-niastrate the refraction et the saeoessiTe stcata or layers by the dia* 
gram. 

(4R^— Btate the eAct of refraetion on an bodies. May the boffiev below 
the horizon ever appear above? 

(41)— What caoses the difficohy in oompating refraction? Is the law of 
decrease of temperature known? IsthatofmoistoielOMMvli? What 
inconvenience follows ? 

(43)— What is the senith? What is a table of refraction? Of what 
use? 

(43)— Mention severally the Ist, 3d, 3d and 4tii genorat notloas eoncerning 
refraction. What renunic is made respMtiag the setting sari ? 

(44)T-Doe8 refraction lengthen the day ? What eflbet hts it npod tiie light 
of the sun or moon after they are set? How is this illosCrated.l^ 
the course of a sunbeam penetrating through a eBink in a window 
shutter? How is the phenomenon of the "sun drawing' water" 
explained ? Illustrate this by the diagram. 

(4S)— Of what advantage is the reflective and scattering power of the air ? 
How is this greatly increased in the day time ? 

(46)— What is terrestrial refraction ? 

(47)— How is the sun's figure distorted by refraction when rising ? How is 
this explained ? Explain the dilated size of the sun or mtKm when 
near the horizon. How is this illunon corrected? 

(48)— How is it shown that the luminaries in the slqr are beyond this at- 
mosphere ? 

(49) — How would a spectator naturally consider them plaiced ? Of what 
use would this arrangement be ? Repeat the comparison of the sun 
and moon to the fore ground of a picture. 

(50)— How much more than a hemisphere can be seen at once by ascending 
to a lerreat height ? Relate the anecdbte of Mr. Sadler's ascent in 
a balloon, and the sight of a western sunrise from the note. 

(51) — What new celestial objects come to view in travelling south from 
London ? Illustrate this by a diagram. 

(52) — How would the appearances in such a journey compare with those 
arising from the ear\h's rotation to a stationary observer On the 
earth ? v 

(53)— What is the real effect of the rotation of the earth ? How do the 
stars appear to move to one who considers his horizon as motion- 
less? 

(54)— If we suppose this motion uniform, what repetitions will occur? Will 
these continue forever ? 

(55)— What grand phenomenon is th\i« pictured to us? What is the mean- 
ing of a period or periodicity ? 
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(51^ What are the two essential conditions of free rotation ? Can ftMreed 
rotation vary from these conditions ? 

(57)— Does the diurnal motion of tha heavenly bodies conform to these 
conditions ? How it* thim farther confirmed ? What is said of the 
permanence of the axis of rotation 1 

(58)— In what situation does the author suppose an observer placed ? De- 
scribe the appearance of the heavens at night to such an observer. 
After a small interval, what chancre takes place 1 

(SO)— Are all the circles described by the stars of the same magnitude ? De> 
scribe the apparent motion of the southern stars — the eastern, the 
northern. What remarkable point in the north, and what star near 
it? How may it be known T 

(08)— Do the stars always maintain the same relative position in the con- 
stellations 1 
-What may be learned h^ watching during a long winter's evening? 
-Where are the stars which never set ? Those which never rise 1 
-How may a person obtain sight of the latter? 
-When he arrives at the equator, how will the stars a]^ar? Will 
any be invisible ? 

(65)— What will be the appearance if he travels fbrther south 7 

(W)— If he travels northward from his original station, what appearance ? 
Can he arrive at the north pole, or south pole ? 

((RVrWhat hypothesis do the above remarks explain 7 

(68>— Dlustrate by the diagram the apparent change of place of an object 
trom a motion of the beholder. 

(60)— What is this apparent change called ? How expressed ? 

(70>— How does this parallactic motion yary with the distance of the ob- 
ject ? Dlustrate this by a walk in alpine r^ons. 

(71)— Prove by the diagram that the stars are immiiuely distant. Is any 
parallax pereeptiUe in their diurnal motion ? 

(78)— Describe the apparent change at place of land objects tp an observer 
movine in a small circle. How small a drele may thus be made 
■ensibk by instruments ? Have similar observations been applied 
to the stars ? What conclusion foUows 7 ' 

(7^— Would the earth be pereeptiUe at thA distance of the stars f Would 
the planes drawn through the eye -of the observer and the centre of 
the earth be confounded at the stars ? To what is this compared ? 

(74)— What are these two planes called ? Are the same number at stars 
above each ? 

(75)— Is there any diflbrenee in appearance whether the earth revirivea on 
its ax^, or the heavens revolve round it on the sane axis' in an op- 
posite direction? 

(76)— Which opinion does the Copemican astronomy adopt ? What move- 
ments are incompatible with the other opinion ? Does the author 
take it for granted that the earth revolves on its axis ? 
-What is the axis of Ihe earth ? 
'PoU$7 

-What is the sphere qf the keavenst 

'Zenith and JWiAr ? Of what lines are they the vatiishing poinU t Of 
what planes is the celestial horizon the vanishing Rns or |riane? 

(81)— What are vertical circles? How are altitudes and zenith Ustmnres 
measured? 

(83)— Poles of the Heavens ? 

(83)— Define the earth's equator. Its plane. The celestial equater. What 
is it called by astronomers ? 

(84)— Define the terrestrial meridian. Celestial meridian. Plane of the 
meridian. Meridian line. 
-AziiRKtA. jtUitude. 
-Latitude of a place. 
-Parallels of latitude. 

-Wliat i» the longitude of a place on the earth's surfiice 3 What is tbs 
meri^an of fiiglish astronomerf and geograipiiers ? What other 
meridian is sometimes adoged? What does the tntbpr adofC? 
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(114)— How are the cirdea of the diarnal motion aflbcted by refirartion ? 

Is this an instrumental error or natural law? How miMt it be 

allowed for ? 
(115)— What other natural law is shown by instruments? How mnmy 

mean solar hours, minutes, and seconds in a sidereal day or 34 si* 

dereal hours ? Aos. 23 A. 56 m. 4.09 a. How long is a lunar day ? 
(116)— Do all stars eive the same sidereal day 1 How tb^ must the solar 

and lunar days be regarded ? 
(117)_How may these facts be established 7 

(118)— Does the solar day vary in length 7 Give an example. What is the 
■mean solar dayl What instrument best shows these variations 7 

What cranparnon is made of the mean. solar day 7 
[119)— Explain the difierence between civil and astronomical recliomng. 
ri20\— What other kind of time is alluded to 7 

[131)— In what two ways is time an essential element in astronomy 7 
[123) — How is tune measured 7 Describe these instruments 7 How does 

Captain Knter use the clepsydra 7 
(123)— What are the principal instruments for measuring time 7 To what 

perfection are they brought 7 What is chronology 7 What chro« 

nometry 7 
(194)— What is meant by the eulminaUon or transit of a star 7 What use 

can be made of it 7 
(135)— Describe the transit instruvunt. How is it mside horizontal 7 Give 

a definition of a meridian mart, meridian Une^ and Hne of eoUima>- 
. Hon. 
(13B)— Describe the wires in the field of view. Why are five wires plaeed 

there? 
(127)— How is the place of the instrument verified by reversing f How 

near to the meridian may the middle wire be made to mova 7 - 
(128)— Describe the graduated circle in the diagram. How could we mea- 
sure an angular interval by this instrument 7 
(129) — In what other way may the same-be accomplisbedl 
1130)— Describe the different indexes. How is the last used 7 
(131)— Mention the three circumstances upon which the exaetneas of this 

result depChids. What is remarked of the art of fradaatioa ? 

What is said about pointing tin tube to the obtject 7 How i» Uiif 

done in the greatest perfection 7 
(132)— What remarks are made respecting thia apidication of the telfescope? 

Who invented it 7 
(133)— Can the above mode be applied to celestial ol^ects 7 Can it be f^ 

plied to the intervals of the dimmal eirelss 7 In what manner 7 
(}34)— Describe the mural drde. 
(135) — ^What angles are measured by the mural circle 7 
(136)— Illustrate by the diagram the means of measuriag polar dist«ncea bj 

the mural circle. 
(137)— What use is made of the pole star 7 Can it be seen in the ^ tine? 

What error of the transit can be determined by it 7 
(138) — Mention the various uses of the polar point on the mural circle. 
(130)— What other important point on the mural circle 7 How is this at 

certained 7 What is the fluid surface called? 
(140)— Describe the transit. eireU or meridian circle. 
(141)— Mention the four instruments used to determine the horizontal point; 

Describe the plumb line. 
n4S)—DeBCTihe the level and its use. How accurate are its indications 7 
(143)— Describe the mode of determining by a level the borizontal point of 

a graduated circle. 

S 144)— Describe the floating collimator, and the mode of using it. 
145)— Why are transits and mural circles used only on the meridian 7 
140;— In what three ways may a point on a sphere be determined by re- 
ferring it to eo-ordintUes? 
(1^7)— How may an object be observed at any point in ita diarnal count f 

Describe sach an instrument. 
fl480— ^nitrate it by the diagram. 
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il49)-->I>etcrib« the flrit position in mounting such an instniment. 
UO\-.What ii it called 7 Wliat rcndcra it easily managed 1 
151}— What is the other iiosition 1 What is this instrument jcallad t 
1A8 .— flow is the south point detpmiincd on such an instrument ? 
15^— What is this method called ? Describe it. 
1 154)— Mention one of the chief purposes of this instrument, 
f 15^— Describe the tnitk aeetor, and the theodolite. 
^150)— What instrument serves to measure angular distancei in aU poa^ 

tions ? 
(157)— Describe this hy the diagram. 
(158>— To what very important ptirposes is this applied? How must the 

altitude above the sea-omng be corrected T 
(IfiOV- What other elegant instrument is meutioned? 
(160)— Illustrate Borda*s invention of the principle of repetition. In what 
manner may errors be diminished and almost removed by this in- 
strument 1 What remarks does the author make eonoeraing re* 
petting circles, at the close of the chapter 1 

CHAPTER in. 

181)— Of what consequence is geography to an astronomer? 
108)— Define geographv. What is astronomical geography ? 
163)— Is the earth really spherical 7 How far does it deviate fhun aphere ? 
What name is given to the form of it ? 
•Which section of the earth is circular ? Which elliptieal ? 
Describe the mode of determining the circumference of the earth. 
What two things are requisite to be known ? 
What marks help to determine degrees on the earth ? How are thej 

used 7 What condition is mentioned 7 
Must the measure be made on the meridian t 
Mow is this method modified in practice ? 
How is the error from refraction obviated ? 
What is the limit of error in this ro<>asnr^nent ? 
What inference is made from the arcs measured in dUftmt lati- 
tudes? 

pTSV— Illustrate the diagram. 
(174)— At what conclusion does the author arrive respecting a meridUmal 

section. ? How docs ho derive this conclusion 7 
(175)— Do plumb lines always point to the centre of the earth 7 Dlustrate 

this truth by the diagram. 
(176)— What is the simplest form of a flattened figure ? To what figure 
does the earth conform ? What is the lensth of the equatorial di- 
ameter in miles 7 What of the polar ? What is the difference 
called 7 How much is it ? 
(177)— How many thousand feet is a meridional degree ? How many thou- 
sand miles in an equatorial circumference? 
(178)— What is thence inferred to be the figure of the earth ? 
(179)— How does this agree with theory 7 Mention the steps of the illus- 
tration. 
(180)— What is the figure of equilibrium of water in a whirling bucket ? 
(181)— Apply similar reasoning to the shape of an earth rotating on its 

axis. How does this case differ from the former ? 
(188)— What illustrations are afforded by geology 7 Does land gradually 
assume the form of equilibrium 7 How would this change affect 
an earth at rest 7 How an earth in rotation 7 
(183)— What restrictiQn in this reasoning is mentioned 7 
(184)— What is the amount of centrifugal force at the equator? How docs 
this afi^t the weight of the water at the equator? How at the 
poles 7 What should we conclude a priori ? Would this conclu- 
sion be correct 7 
(185)— Who first discovered and computed this deviation from a sphere ? 
(186) — ^What obvious consequence follows from this discovery ? How dote 

gravity vary from the equator to the poles ? 1^ what law ? 
(187)— Could this variation of gravity be measured by tiie steelyards? 
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(18B)— Dlustrate the diagram. 

(189)— Ulustrate the figare. Could the change of gravity be tbaa deter- 
mined? 

(190)— What is the other method 7 What instance is given 7 What ^ouid 
a body, weighing 10,000 lbs. at the equator, weigh when transport- 
ed to London 7 ' 

(191)— What is the result of the pendulum experiments? How does thii 
differ from the number denoting centrifugal force at the equa- 
tor? 

n92)— Explain the'origin of this difference. 

(193)— Give Newton's definition of gravity. How does this operate in a 
sphere 7 In kn ellipsoid ? How does it operate upon the equatorial 7 
how on the polar parts ? What is the difference 7 - 

(194^ What are the two causes of the trade winds 7 

(105) What currents does the sun produce in the atmosphere where it ia 
vertical 7 How does the place wliere it is vortical vary? 

(196) Why does air removed from the poles towards the equator assume 

a westerly direction ? What wincte are thus caused ? 

(197) How might a hurricane be caused ? Does the land ever intercept 

the passage of the air incumbent on it 7 

(198) What follows from this ? 

(199) What would then result ? What do these erial currents eonatl- 

tute f 
(300) How does the compensation take place 7 What winds does tliia 

compensation produce 7 
(901V-HOW IS a point determined on the earth's surface 7 
(203>— What would latitude then be ? What confusion follows from tbe 

earth*s form of an ellipsoid? What more general definition ia 

given ? i 

(903)— Is the longitude of a place as easily determined as the latitude } 

Why not 7 
(204)— What general proposition is stated 7 How is it illustrated ? 
(WSV-^Iow is this difference of the cases stated ? 
(90tf)— What is the difference between loetU and absolttu time 7 Bow is a 

sidereal clock regulated ? Is sidereal time local? Itfrnean solar 

time local 7 What kind of time is absolute ? 
(907V-Describe the operation of getting local time. 
(-208)— How much would two clocks regulated at different meridians diflbr 

if brought together ? 
(909)— Since clocks cannot be moved, what substitute An be usM? 
(910>— Describe the process of determining longitudes by i perftet chro- 

nometer. How does a chronometer vary from loeai tim» going 

westward ? how eastward 7 
(911)-'Wliat singular circumstance happens to a traveller who goev wait* 

w vd round the jlobe ? what eastward 1 What confijaion In datea 

may exist in dimrent settlements on the same meridian 1 
(318)— Can chronometers be relied on implicitly 7 Can this inconvenience 

be entirely obviated by using many chronometers? 
31.1V-€Hive the example of the use of telegraplric signals. 
314>— How may their accuracy be increased ? 
|315>— How fkr may explosions of rockets be seen at sea ? How ftr may 

flashes of gunpowder be seen on land 7 
316)— Describe the method of using a series of stationi and signals. 
317)— What use can be made of meteors ? 
318)— What, advantage do the eclipses of Jupiter's satellites present ? 

What limit is there to this method? 

S 319)— What are the advantages of the lunar method ? 
220)— Illustrate this method By the hand moving over a dial pUte. 
231)— If the intervalji were wTioqual, hands srcentric, motion not nniibnn, 
what would be the first requisite? What the second— ^hat the 
third ? 
I)— Apply these remarks to the motion 6f the mo^n among the tflfrw, 
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(«B>— What further circomsUnoe would complete the analogy ? What fa 
' parallax? * 

(SS4)— Give the fUlI compariaon of the lunnr theory with thia clock. What 
can an dbaerver accomplish- by measoring the maim** anguhu* dis- 
tance from a standard star ? 

(98S)->How might maps of a country be constructed? Describe tite method 
of triangulating a country. 

(^6V>Tllustrate this method by a diaffram. 

(S27)— What is the first remark on this process ? What triangles near the 
. base must be avoided ? How Jong may the sides be at a great dis- 
tance fl'om the bas«) ? 

(SS8)— What is the second remark ? Is a reduction to the horizon required? 
ntustrate the use of the theodolite by the diagram. What is ^ke- 
rieal excess ? What does it prove ? 

(890)— How may we best conceive of the subject ? What angles does the 
tlieodolite give 7 By what rule are tlie calculations rendered sim- 
ple? 

(330)— What is the result of such an operation ? 

^V- What is a map ? 

(938)— How many kinds of projections ? Dlustrate the ortki^rajtkU pro- 
jection 1^ the diagram. 

(833W-Illustrate the aUrmgrapldc projection. What advantage has it ? 

(834)— What is the first geometrical property mentioned ? What the se- 
cond? 

^^— Describe Mercator's projection. What defect has it ? 

(83^— What great result of maritime discovery is mentioned ? Row is 
London situated in the terrestrial hemisphere ? Of. what import- 
ance is this fkct in astronomy ? 

(837)— What is fUrther requisite to complete our knowledge of the earth s 
surfkoe ? How jnay the depth of the ocean be determined ? What 
two ways of determining the level of a land station ? 

(838}— Explain the diagram. 

(830>— How are strata of equal density distributed over the snrflice of tiie 
globe? How may the heighu of two stations be referred to the 
same strata ? 

(340)— How are the bottoms of valleys and the ridge lines of hills de 
termined ? 

CHAPTER IV. 

^1)— What is said of the facility of determining the place of the heaven- 
ly bodies ? How does this task compare with that of making 
maps of towns and^villages 7 

(343)— What more simple method may be used 7 

(343)— What are the three great advantages of the method of meridian ob* 
servations 7 Are the calculations easier 7 

(344)— What is necessary to determine the right ascension of a celestial 
object ? How can the rate of a sidereal clock be determined ? 
How its error? 

(345) — Is the equinox an arbitrary point ? May any star be taken as a 
zero point in practice ? 

(346)— What are the two ways of determining declination 7 What correc- 
tions are required? 

r347)— What important question arises here ? 

(348) — How may^the moon be shown to move among the stars ? How the 
sun ? Do any other bodies move ? 

(349)— What is said of the fixedness of the great multitude of the stars? 
What exceptions are there ? Wliat are these exceptions calhni ? 

'350>— What classincation does this circumstance establish ? 

(251)— Give a definition of uranography. What caution is given to the 
reader ? What is meant by the secular variations of tliese points 
and lines? 

IKRS)— What does the author say about the artificial figures made onglobes-f 
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(t53)— Wbai remarkable natural distinctions' are there T Describe tlie miUtg 

way. How does it appear in a powerful telescope ? 
(854)— What is the zodiac? What the ecliptic? How inclined to the 

equinoctial? How fax does the todiae extend each side c€ the 

ecliptic? 
(855V-What bodv has the simplest aimarent motion f 
(S56)— What is the amount of the sidereal year ezivessed in mean solar 

time ? Express it in sidereal time. Explain tlie caose of this dif • 

ference. 
857)— Is the place of the ecliptic among the stars invariable ? What 

limitation ? 
<aS8)— Illustrate by the diagram the p^ea qf^ the ecliptie. Tbepdet of the 

equinoctial. The vemal and autuimuU equin9t$$. The two tol- 

atUea. The two eohirtg. 
(859)— Illustrate by the diagram drela of latitude, also, laUtitda and Ioh- 



^960)— How does q>herical trigonometry enable us to determine longitude 

andJatitude, from knowing the rif^t ascension and declination? 
(961)— What is the zero point of right ascension ? What motion has this 

point ? . How much in a year ? How much since catalogues wore 

first made ? Hqw long to complete a tour? 
(9B3V-Describe the efiSstt of this recession upon the longitudes of stars, 
rasa)— Howmay wie finrm a jus| idea of this phenomenon ? 
(964>— How is the place of the pole determined amonj; the stars? What 

two motioqs has it, and what are they called f 
(965)— Describe the first or uniform motion. of the pcde. How does this 

. correspond with the re^ssion of the equinoxes ? 
(966)— What fluniliar illustration is given ? Does the polar point on the 

earth*s surface move ? What two fiicts {HOve this ? 
(967)— How for is the star called the pole star firom the pole ? Ana. lo 34'. 

How near will it approach the pole ? When will « Lyre beeome 

pole star? 
(968— Mention the amount of the earth*8 nutation. Does this tflbet tlie 

longitudes and right ascensions (^ stars ? , 

(969)— Describe the result of these ccnnbined motions, 
f 870>— Do the sun and {danets liave this motion ? How then Is it caused ? 
(871)— WhfU ia jandferstood when we qieak of the right ascension and de- 

dinaStipn of $r>0dy ? What is meant by egnkting' an observation ? 
(879)— Illustrate Iqr th0 diagram the mode of computing these changes. 
(273)— What is tVa-isrecesBion in longitude and latitude ? What Lr nnu 

tioninthe same? 
(974)— What remaric is'made about sidereal thnal 
(STS^Do preeesslon and nutation change the piaee €i ol^ts compared 

with each other ? Is there any optical cause of soch change ? 
(976)— Repeat the illustration in this section. 
(9J7)_IIow mav our eyes or telescopes cimipare with such tubes ? What 

is this displacement called 7 
(978)— What is the amount of the angle of aberration ? How is it com- 
puted? 
(979)— What is the law of its variation with the direction of the earth*s 

mc^on in spaee ? 
OnO)— What is the ttranocraphical efi^t of aberration ? What •efl^t on 

a particular star ? 
(981)— Who constructed the best tables for clearing the (rilaees <^ stars of all 

these eflfects ? Where have they been puUidied ? 
(9P9)— What is the rule given by astronomical writers finr eomputlng 

aberration ? 
983)— Describe the five quantities under discussion. How many must be 

given to determine the others? 
-How do you determine the sidereal time of a star's rising or setting f 
-DIustrate the problem of equal altitudes. What is its use ? 
-What is the %oaatte»imal point of the ecliptie? DIustrate by tha 

diagram the mode of computing its altitude and longitude. 
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fiH9)— What ifl tbe ajifla of pitaation of a star i 
{Id8>— Mention tbe prietieal maxim liere given. 

CIIAPTEK V. 

/^^_What ii tbe plane of the ecliptic ? 

(900)— If tbe 8un*s motion in rif ht aecension uniform ? fTbat ia its naui 
motion in lonfitude ? Mention tbe limits. 

Jll>— Wbat ia a ksUmmtttr? Wben ia tbe sun>i 4iK freateatf when lea^t? 
Calling tbe sun's mean distance 1.00000, what are italiatits? What 
law between its distance and apparent angular motion t 

(993)— Dlustrate the sun's roal orbit as referred to tbe eartta. Wbat ia tbe 
weetnirieitifl What figure do we obtain by tracing tbe aan*a ob- 
aenred motion in longitude, compared with his distance aa deter- 
mined by his apparent disc 7 Does tlus remit eorretpond with Um 
properties of tbe ellipse ? 

(903) — Compare together the extremes of the sun's distance, 9n^ the ex- 
tremes of ois velocity, and deduce tbe law between liieoL What 
ia this law ? Is it general 7 

ffHM)->Wbat remarkable oondusion ia deduced 7 

(M)— Wbat three eircomstances combine to rentier tbe oomputation of tbe 
sun's longitude from tbemy difficult 7 Who firu diaooirered tlie 
law that eonnecu them together? Wbat ia tbe nUiua veotorf 
What is tlie remarkable law concerning it 7 
-Wbat follows wben tbe times are unequal 7 
-Sum up tbe circumstanoes of tbe sun's apparenl annual notion. 
-Wbat is parallax f Of wbat use is tbe knowledge of it f 
)— What is tbe astronomical acceptation of parallas 7 What reduction 
does thia lequire in obtervations 7 What liirthar oatinoUooa wrp 
made? 

OWA-^Wliat is tbe edbct of parallax 7 

(l01>«Wbai is Imiumul parallax 7 How is the parallax, at mf altitude 
determined wben ttie horizontal parallax is known 7 fi^DW ia tbe 
hoviaental parallax determined? 

(308)— Deacribe tbe circumstances under wbicfa two obsenresi aotigbt deter • 
mine the sun's parallax. 

(SOi)— When not on the same meridian, how could they compare their ob- 
servations 7 

(a04>- Wiiat is tbe borixontal parallax so resulting 7 How ibr off must 
the sun be 7 

(905)— How is the sun's magnitude detcrmiued 7 Wbat is its diameter? 
How does thifl compare with the earth's diameter? How does its 
bulk compare with tbe earth'f* bulk 7 

(300)— Oive the reason why it appears that the sun doea not revolve around 
the earth. 

(307)— Do the stars sufTor any parallactic displacement fVom this motion 7 
Where is the centre of gravity of the sun and earth situated 7 

f 30ft)— What is the Copernican view of the system? 

(30;))— In tbe earth's annual motion wbat is tbe position of the earth's axif 7 

(310)— Explain the equinoxes. 

(31 1>— Explain tbe northern 3oUtiee, and areUe eireU; the antarcUe circla. 

(312)— What is remarked of places between these circles at the northern 
or summer solstice? How are these phenomena changed wben 
the sun ia in the Muthorn or winter solstice? 

^313) — Explain the change of Bcanons. 

(3HV— Are these changes really observed ? Explain tiie word soUtice. 

(313>— Has the elliptic form of the earth's orbit much clfect on the season 7 
Prove that equal amounts of heat nrc received from the sun in 
passing throuf^h equal angles about it. What important conclu- 
sion is mentioned at the end of this section ? 

316)— To what fixed point does the author refer the position and orbits 
of the heavenly bodies? What is the geocentric and what tbe 
heliocentric place of a body 7 What is understood by htUocoMrie 
longitudes and latitude* 7 
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(317)— What is tbe amount of the 8un*8 heUoeeKtrU laiitmde and Ivngitwdet 

How may we conceive of the helioeentric equinoxt* and aoUticta ? 
(318)— Explain by the diagram the place of the perihelion. Where was it 

in 1800 } What motion has it ? 
(319)— What is the nuan longitude of the earth 7 Does its trueplaee diffi^r 

flrom this ? How may the correction be computed? Wiien do the 

true and nflfian longitudes agree 1 
(3SD)— What is their difference called? How is it applied? What is its 

maiimum value ? 
rSSlV- How is the sun's true place in the ecliptic determined ? 
(322;— How Is the equation of centre determined by observation ? How 

does this give the eccentricity ? What coincidence is mentioned ? 
(333)— What is apparent noon ? What is meam noon ? What is the first 

cause of their difference ? What the second ? 
(334)— What fluctuation do these two causes {uroduce ? What is the differ- 
ence called? Where published ? 
(335)— What are the trofUa? How are the two named? How many signs 

are there ? Name them. Make a drawing of their symbols. How 

is the ecliptic divided? 
(336)— What are the two frigid zones ? Are zones of latitude and climate 

alike? 
(337)— £;cplain the cause of diflferenee between the sitfsrsa/ and tropical 

year. What is the amount of each ? 
r338V-Explain the anomalistic year. What is the amount ? 
(329)— Give the comparison sUted in the early part of the section. What 

triumph of astronomy is alluded to ? 
(330)— Describe the spots on the sun. What motion have they ? Desoiba 

their size and fluctuations. What is said of the part of the sun*s 

disc not occupied by spots ? * ^ 

-What are fiiculc ? 

-How did ffir William Herschel ezpttUn these spots ? 
-Mention the region of the sun*s spots. Hie inclination of the sunHi 

equator to the ecliptic— their point of intersection- length of sun*8 

period of rotation. 
(334)— State the first indication that the temperature of the visible sarflue 

<^ the sun is very elevated— the second— the third— what infer- 
ence respecting the body of the sun'? 
(^5)— Explain the cause of the agitation of the fluids on the san*s sorftice. 
(336)— Enumerate the various motions on the earth's surfiice— caused by 

the sun's heat. 
(337)— What conjecture does the author give respecting tbe supply of this 

heai? 

CHAPTER VI. 

S 338V— Mention the apparent motion of the moon— its average period. 
339)— Why is its orbit considered nearly circular ? 
340>— What two ways of determining its distance ? What is its mean 

distance from the earth ? Compare its orbit with the sun's size. 
(341)— Explain by the diagram the mode of determining the moon's true 

distance from an observer. How then is its diameter determined? 

What is tlie amount of it ? Compare the moon's bulk with that 

of the earth. 
(34S)— Show that the moon's orbit is elliptical. What is its eccentricity ? 
(343>— State tlie inclination of the moon's orbit to the ecliptic Define its 

luetnding and deaeendinr node^— perigee and apo^ee--4ine a(upaidee. 
(344)— How does the moon's orbit compare with the earth's? Illustrate the 

variation of the orbit by a diagram. 
(345)— How much do the moon's nodes retreat per day ? How long is the 

period of their entire revolution ? What stars in this period must 

at some time lie in its path ? What displacement of the moon's 

latitude is effected in a month ? 
(346) What conclusion follows respecting oeeuUoHonef How much does 

2L 




408 QUB8TI0NS OH ASTROHOMY. 

ptrallax increiM this limit tbr the mffme§ of the eartli f fkuKttfm 

an ediiMn of Um mn. Describe a total oclipae — an mnnuhw acl^poc 
i^ty Wlien tfo lolar ecUpMi happen ? Why are there not eclipaes erery 

conjunctiou 1 what is the limit of aolar eclipees? Explain tba 

diagram. How far may the moon be Arom the node at an eclips* 

of the sun f 
(348>— When is an occultation possible f 
(M9>— What conclusions are drawn fVom the phenomena of solar ecli pae i 

and occulta! ions 7 Describe the phenomena of an oeenlta^on. 
(390>— Describe tbo changes in tlM appearance of the moon*ti diae evorj 

month. 
351)— Explain these changes hy a diagram, and Aow that tba ran ia tlw 

soueoe of the moon's light. 
(358)— Repeat the cause of the mooa*s phases. Explain the canaa of our 

seeing the darker portion of the moon when new— and not aeaiiif 

it when older. 
(353)— What is a lunar month? What is the synodicai month? What 

causes it to exceed the sidereal month ? 
(354)— What is a lunar eclipse 1 When does it happen ? How do lunar 

eclipaes prore the earth's sphericity ? 
(355)— Explain by the diagram the umbra and ptnumbra in an ecHpae. 
(356)— Mention the plienonMna of a Innar eclipse. Whon is a aolar eclipaa 

total? Wli<m annular? 
(357)— What remarkable period of eclipaos is mentioned ? 
(3SR)>Oive the reason wnv a lunar eclipse is easily ealenlated f 
(350>— What is required to determine the dimensions of the moon^ shadow? 
(3lX))— What is meant by the revolatioa of the moon*a apaideaf* How Umm 

is its period? 
(361)— How may the moon*a.motion be beat eoneeived t '0Cate the two 

revolutions of the ellipae itself. 
(3Q9>— What is said of the nioon% surfhee 1 What Is remarked of the Ta< 

riation of the length of the shadows of the liinar momitainif 

How hlKh are these moantains? 
(363)— Oive a particular description of lunar moantains, yoleanoea, Slc ? 
(3641— Give the author's remarks on the climate of the moon. 
(365)— How small a fpaco on the moon can be soon ? Is there any appear 

ancc of animals or vegetables ? 
(366)— Describe the lunar summer and winter. How often does the nMwn 

revolve on its axis? How much is the plane of this rotation in- 
clined to the ecliptic? 
(367) — Ex|>laln the moon's librations. 
(368)— What is the earth's appearance to an inhabitant of the moon? 

CHAPTER VII. 

(369WWhat is the object of this chapter? 

(370)— How do wo get ttie idea of power or enuaathn 7 

(371)— What is gravity 7 What its tendency ? 

(372) — Describe the motion of a stone thrown obliquely upwards. What 

inquiries docs it suggest ? 
(373) — Whot force is excited when a stone is whirled in a sling ? What 

might be supposed to take the place of the string in the case of a 

body revolving round the earth ? What must be the period of 

a body revolving round the surfbtie in order that it niay be 

kept up ? 
(374) — What woukl be the period at the moon if gravity remains the same f 

What must frravity be to only retain the moon in its orbit with 

tts known period? 
(375)— In what proportion then is gravity at the moon diminished ? What 

analo^icri confirm this ? 
(376)— State Newton's *aw of universal gravitation. How does it apply 

to spheres ? 
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777)— MonHon the cuives in whieh bodies attFactin^ ^ach other muA 

move from these- mutual attractions. What m the role for the 

angular veloeity ? 
f a78\_How do these statements conform to observation 7 
(379)— What is stated as a measure of the sun's attractive energy ? How 

many times is this greater than the earth's attractive eneray ? 
(380)— What does this prove reelecting the sun's mass 1 The sun's ientUif? 
(361)— Cbnpare the intensity of the sun's attraction at ite surface with the 

earth's. 
(3^)— Where is the centre of gravity of the earth and sun 7 Which may 

be considered stationary? 
(383)-^How may we conceive of the moon's and earth's motion about each 

other ? And at the same time of their common motion round the 

sun ? 
(3R4)— What disturbing ef^t doea the sun's attraction exert upon the 

moon ? 
(3R5V--Repeat the example of two stones let flUl on the earth. 
(386) — Enumerate the disturbing influences of the sun on the moon's mo* 

lion 1 What are they called ? 

CHAPTER VIII. 

(SSTV^Mention the names of the planets. 

(388)— What is said of their apparent geocentric motions? Mention the 

four nUra'ZodiaeeU planets. 
(389)— How do we see these motions firdq>»the earth ? 
(390)— Illustrate these apparent motions by the diagram. Which is the 

greatest on the whole, the direct or retrograde motion ? 
(391)— What is remarked of the regularity of the period of a. planet's 

passing its nodes ? 
-What inference may be made from this circumstance ? 
-What natural suppodtion is here made ? 
-How do planets appear- in powerful telescopes? How may their 

sizes and distances be estimated? 
(395)— Is there any relation observed between their apparent. diameters 

and their ehturatioiu from the sun? Give the example of Mars. 
(396)— What is said of the phases of some of them ? What inference is 

drawn from these phases ? 
(30?y— How may all the above appearancea and'knotions be at once ex> 

plained ? How do we determine the periodic time of a planet ? 
(396)— Describe the apparent motions of Mercury and Venus. Their 

traiuits. Describe their apparent qiotions after having passed 

the sun. 
(399)— Illustrate the above by a diagram. 
(40(^What term is applied to Mercury and Venus, to distingui&h them 

from the others? Explain their greatest oastem and western 

elongations — ^their h^ferior and superior conjunctions. 
(401) — Illustrate by the diagram the greatest elongation seen in plan. 
(4Q8>— Determine by means of this angle the radii of the earth's and ! mer- 
cury's orbit. What are the respective distances from the sun of 

Mercury, Venus, and the earth? 
(4m)— How are the sidereal periods of planets determined? What are 

those of Mercury and Venus ? What are their synodieal periods ? 
(404)— Illustrate by the diagram the apparent motions of Mercury and 

Venufi, knowing their radii and periods. 
405^— How fast do these planets move in their orbits ? Why are the rs* 

trograde motions slow, and the direct motions rapid ? 
(406) — How are thHif stationary points determined ? What is the elonga 

tion of th3se points for Mercury and Venus? 
(407)— Explain the phases of MrTciry and Venus. 
406/— When is Vctms brightest ? Upon what does this briglHnets depend? 
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(400>— Bow often do trantito €i Veniu occur f Of what ose are tbey ? 

Explain the diagram. 
/410\— What ii the duty of an observer of a transit of Venus 7 
(411)— Give an account of the observations of the last transit of Venua in 

1700. Wliat was the resulting parallax 7 
f412V-Prov« that the orbits of Mercury and Venus are eccentric 
(413)— Repeat the first proof that the other planets move in orbits that en 

close that of the earth. The second proof. Which of Uimt im 

sometimes sibbous ? Explain this by the diagram. 
414)— When are the superior planets in retrograde motion 7 HdW do 

their arcs of retrogradation vary? 81k)W by the diacram the 

mode of determining the relative magnitudes of their orbits. 
(41f)— What is the direct method of determining the periods of the planets f 

What inconvenience has it 7 State at lengtii the indirect method. 

Through what interval have tl^ observations been made 7 Where 

are the results stated 7 
(416)— Give the author's remarks respecting their comparative periodica* 

times and distances. Who first discovered the law that connects 

tbem together 7 State this law. 
MiT^What is this law called 7 What is said of its importance 7 
(418)— Who established the laws of elliptic motion, and the equable de- ' 

scription of areas 7 Are they found to be general 7 What small 

exceptions arc mentioned? 
(419)— What is the direction of the force that deflects the planets flrom their 

rectilinear course 7 Who proved that a body retained in its orbit 

by a central force, must describe equal areas in equal tiroes? Illus- 
trate this law by a string and bullet. 
(490)— What law does the second law ofTCepler involve 7 How maye 

deflecting force be ascertained 7 Illustrate this by an experiment. 

What are the three steps of investigation of the law of rorce 7 

Mention the experiment with a magnet. 
(431)— What general principle is involved in Kepler's third law? How Is 

this shown in Newton*s Principle 7 What restrictions are neeessaryt 
(4S8)— What three things are requisite to compare the «tom«nts of a planet's 

orbit with observation 1 
(423)— How are the maf^nitude and form of an ellipse determined 7 
(424)— What plane is used an a ground plane? What are the first two 

elements required ? What do they determine 7 What is the third 

element 7 
(425)— What aru the two remaining elements? What other name is given 

to the latter ? 
(426) — What is meant by the heliocentric, and what by the geocentric plac« 

of a planet ? 
(427)— IlluRlratij these elements by a diagnim. 

(42rtj— What is a planet' h true anomaly ? What difficulty in finding it 7 
(4-i'J)— Explain th« method of determining a planet's heliocentric longitudo 

and latitude. 
^430)— Explain the geocentric place of a planet. 
^431)— Illustrate this hy a diagram. 
(432)— Give the method of computing the geocentric longitude and latitude 

of a planet. 
N33)— What is romarkod of these calrulations and their results ? 
(434) — What planets have been long known? When, and by whom was 

Uranus dincovrred ? Name the discoverers of Ceres, Juno, Pallas, 

and Vesta. Give an account of Bode's conjecture on this subject 

beforr th«;ir discovery. 
434) — What three principal features affijct the nattire of animal life, if 

there be any on the planets? Ilow docs the intent«ity of heat 

vary? Ilow the grovltaiing power at the surface? What is re. 

marked of Paturn's density? 
(436)— What is the telescopic appearance of Mercury? What of Venus? 

Show that they revolve on their oxes. 
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/137V- Oive the author*^ remarks about Mara. 

(iSSj—How much larger than the earth is Jupiter ? Ho«r many satellitet, 
and what is 9aid of them ? 

(439)— What is said of his belts ? How often does he revolve on bii axii f 
What is his oblateness f What remarkable confirmation of Um 
theory of gravity does this oblateness give ? 

f440V-6ive the further remarks concerning the belts. 

(441) — What is the comparative size of Saturn ? How many satellites? 
Describe tlie ring. 

(4^)— What is remarks concerning the appearance and disappearanee 
of the ring? 

(443)— How is this arch sustained firom falling in ? Is it probable that the 
two rin^ revolve on their axis in the same time ? 

(444)— What oscillation is observed in the ring? Is this necessary for sta- 
ble equilibrium 7 What simple JDustration is given 7 

(445)— What further remark does the author make concerning the equilib- 
rium of the rings ? 

(446)-— What appearances do Saturn's rings present to his own inhabitanu ? 
How lons[ mav solar eclipses last at Saturn ? 

(447)— What is said of Uranus ? How many satellites has he ? 

(448)— What interesting remarks are made concerning Pallas ? 

{i/^y-Qivfi the author's illustrations of the size of the planets, and their 
distance from the sun. 

CHAPTER IX. 

(450)— Repeat the author's remarks concerning the earth's an4 moonHi mo> 
tiona round the sun. 

(451)- Describe the real curve passed over by the moon. Explain the siinHi 
»»H»trual equation, 

(452)— Why does not the moon leave the earth, And become an independ* 
ent planet ? 

(453)— How is it shoMm that the sun's attraction upon the moon is greater 
than the earth's 7 How much greater ? 

(454)— Deduce from this result the comparative mass of the sun, the earth 
being unity. 

(455) — What further applications of this method have been made 7 

(456>— How many satellites has Saturn ? Uranus 7 How do Kepler's laws 
apply to the motion of satellites around their primaries? 

f4J77)— Of what use are eclipses of Jupiter's satellites ? 

(456)— Give the author's remarks concerning transits of shadows over Ja* 
piter's disc. 

(459)— Trace the analogy between lunar eclipses and tliose of Jupiter's 
satellites. 

/460)— What effect follows fk-om the difference of stations of observation ? 

(461)— Show by the diagram whythe instant of immersion and emersion 
cannot be determined, wliat are the most oseftU observations ot 
these eclipses ? 

(4e8V— Under what circumstances are the immersions and emersions in- 
visible? 

(463)— Gi^e the author's remarks concerning tlie transits of satellites, and 
their shadows over Jupiter's disc. 

(464)— Mention a singular relation discovered in the mean motions of Ju- 
piter's satellites. What consequence follows ? 

(465)— Who discovered Jupiter's satellites ? Wliat historical remarks arc 
made on them 7 

(466)— Who first proved the gradual motion of light 7 State the reasoning 
eiven. What further confirmation by Rradley ? 

(467)— Wliat is said of the satellites' revolution on their axes? 

{468>— Give the author's remarks respecting Saturn's satellites f Wken 
can their eclipses be observed ? 

(409)— How many satellites has Uranus 7 What pecoliaritiM ia their mo- 
tion? 

2L2 



418 QUESTIONS OX ASTROXONY. 

CHAPTER X. 

(47()^ltepeat the general remarks on comnts. Can any explanation of 
their tails oc madt; 7 

(471) — How many comets are there ? What very bright comcta have ap- 
peared 7 
*(479)— €ive a dencription of a comet. How large have thHr taila appeared f 

(473)— Is the tail always present 7 What comet had several taila 7 

(474)— What is said of telescopic comets 7 What does the author conclude 
concerning their substance? How docs it compare in density 
with clouds 7 

(475)— To what is this development of comets* atmospheres owing 7 

(470)— What reason is there for believing that the nucleus is something 
like dense smoke or fog 7 

;477)— Oive the author's remarks on the motions of cometa. How does 
their size vary 7 

47P)— Who first proved that comets are subject to the laws of gravity 7 

(479)— What is necessary in order to determine the orbit of a comet f 

(4.uo)-.What curve will generally represent their orbits? What is said of 
comets moving in hyperbolas 7 What of those moving in ellipeeaf 

(481)— What is the most remarkable romet 7 How nearly was its retarn 
predicted by Clairaut in 1750 7 Who predicted its return in 1835 f 
What effect was produced by its appearance in former ages 7 

(4fl3)— What other remarkable comet was discovered in 18197 What is its 
period? 

(483)— what singular Oict has been discovered in the periods of this comet f 
How is it accounted for 7 

(484)— Who discovered the other comet 7 What is its period f What siii- 
fularity initsorbit? 

(485)— What effect had Jupiter on the comet of 1770? Did the eooMt dis- 
turb Jupiter or his satellites 7 

(48n)— What is remarked of the volume of the cometa ? 

(487)— Gfve examples of their sises. How is the diminution of their tails 
in sncccsKive revolutions accounted fbr? 

(488)— What change has been remarked in the dimensions of Enkfl*s comet 7 

CHAPTER XL 

(4fl9)— What are perturbations ? From what do they arise? 

(490)— Was Newton aware of the exictonce of these perturbation*? Why 
did ho not compute them 7 Will his law of gravity explain them ? 

(491)— What is necei>sary to compute theac perturbations? What is the 
author's object in describing them 7 

(43i2)— What is the effect of a third body on two bodies moving round each 
other 7 

(493)— How do the masses of the planets compare with the sun's mass? 
What is the chief agent in disturbing the motion of secondaries? 

(404)— What principle in mechanics is mentioned concerning the momoH' 
tarij cffocttt of disturbing forces? What comparison is given to 
illustrate them 7 In what instances must the changu in these per- 
turbations be computed 7 

(405)- To what then is the problem of disturbances reduced 7 

(4%^— How does the intensity of the disturbing force varv? 

(497)— Illustrate by a diagram the effect of a disturbing force in changing 
the orbit of the disturbed body. What is a curve of double curva- 
ture? 

f498WHow is this disturbing force resolved 7 

(499)— TTnder what configuration does the line of nodes retrograde? 

.500) — When does it advance 7 

(501)— In this case how can we determine wliettier the line of nodes adt 
vances or retrogrades on the whole ? 
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(50B>-Show that on the vhoU the retrogradoHon of the nodes exceeds their 
adoane^. 

(503)— What is the greatest perturbativM effect of the moon on the earth's 
place in the ecliptic ? 

(504)— What is the efiect of each planet's attraction on the o;bit of every 
other i^anet ? 

(505)— What is the motion of the nodes of the planetary orbits on the true 
ecliptic ? 

(506)— What is the usual amount of this motion of ttie planets* nodes in a 
century 1 What danger would result (torn a great change of the 
indinations of their equators to the ecliptic 1 

(507)— Is there any connexion between the momentary changes of recess 
of nodes and of inclination of orbits ? 

(506)— What conclusion follows from the reasoning in the preceding 
article ? 

f509V— What aid is furnished by the integral ealeulus? 

(610)— How are the nodes situated with respect to the disturbing force in 
case I. ? What etkct takes place on the iitdination in a whole 
revolution 1 

(511)— How are the nodes situated in case 11. ? Does any change in place 
of nodes or in inclination take place 1 

(512) — How are the nodes situated- in case III.? How are they a£S>cted, 
and how is the inclination affected in a whole revolution in this 
position 7 

(513)— If M be supposed at reft, what will be its ef^t upon the inclination 
in a WHOLB rkvolhtion or thv mods 1 

(514)— Show that the error will be very small if we suppose M distributed 
like a solid ring over every point of its orbit. What, compensation 
takes place in this case ? What minute variation remains uncom- 
pensated in a synodic period of M 7 How is this latter variation 
compensated in a revolution of the nodes? 

(515)— Repeat the theorem of Lagrange. How does this theorem guaran- 
tee the stability of the system ? 

(516)— How much does the obliquity diminish in a century 7 Is this dimi* 
nation periodical ? What is its greatest extent 7 

(517)— What other phenomenon is mixed up with the variation of the ob- 
liquity of the ecliptic? 

(5l8)-r'Deflcribe the precession of the equinoxes. What is the cause of this 
phenomenon ? 

(519)— What two effects would follow from the supposition that P in the 
three preceding figures is a fluid ring ? 

(520)— What compensation will take place if we suppose the ring to be in- 
flexible like a Aoop ? 

(521)— Will the nodes in this case recede as they do when a single mole- 
cule is considered ? 

(522)— Will the rotation of the ring change this result ? 

(533)— What then would be the motion of such a ring? What effect on 
this motion would be produced by attaching to it an inert mass to 
be carried with it ? 

(524)— Illustrate by the diagram the effect of the recession of the moon*a 
nodes on the place of the earth's axis in the sphere of the heavens. 

(5S5)— Are these efl^ts.the same as precession and nu;tation 7 Do analysis 
and observation lead to the same conclusion respecting the coeffi- 
cients of precession and nutation ? 

(536) — ^Mention " the principle of forced vibrations." 

(527)— Give the instances of this effect in the case of annual and monthly 
precessions. In the case of the tides. 

(528)— Show that the moon's attraction must raisA the waters on each side 

of the earth. In the line of their centres. 
(5Et9) — What is the effect nf tho moon's orHitual motion on this wave 7 
How are liigh a:id law tides caused? 
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(530)— Dncribe the aolar tide. What if the cauM of tpriiif tides f 
(m)— Dc^ribo the priming aud lagging uf the tide. What i» tbe c 

of it? 
(5aS)— What* ia meant by the "cfitabliftluncnt of the portf** What i« 

nM'ant by " alack water 7" higk ami low wtUtrf 
(533)— How do the pun't and moon'n declination affuct the height of tbo 

tides I What period in tlie tid<>c is ihac introduced 7 
(534)— What it the proportion between tho highcat spring tide and lowest 

neap tide 7 
(535^— Are there solar and lunar tides in tbe atmosphere? 
(596) -What reason docs the author give fur considering the pertorbatioiia 

in planets as perturbations of the orbit ratlier tlian of motion in 

the orbit ? Illustrate the advantage of this metliod in tlM case of 

the change of eccentricity of tho earth's orbit. 
(5.T7)— How tlien do jreoiuctcrs regard those changes ? 
(53)4\_|ii)w are periodieul ineqnatiUf diKtinguished firora ssrv/or 9«H«I|m#« 
(539)— Must these periodic inequalities be estimated in deaehbinf tba. ne- 

tual motion of the planeU ? 
(540)— Illustrate by the diagram the nature of tlie tewfiiitial and rmiiml 

diaturHng forces. 
(541)— Which of these forces Interferes with the equable daacription of 

areaa? 

i 543)— What disturbances does the radial ford produce ? 
543)— Illustrate by the diagram the action of this force. 
544)— What would (bilow if the orbit was circular? 

(545)- -Show that these disturbances in angular motion are ultimately eom 
pensated. '' 

(54tf)- -What advantage arisea firom the periods of the planets being te- 
e0mwu%$urabl4 1 

f547).^lTe a description of the great inequality of Jupiter and 0atam. 

(548) -In how much time does this inequality undergo a fUd compeii' 
sat Ion ? 

(540) -Repeat the further remarks on this groat inequality. Who fint ae 
counted for it? 

(550) — Mention the amount of this inequality. What remarkable coinci* 
dence -between theory and observation does this Airniah ? 

(551)— What cauHH diinitiiM|i4>» the ainuunt of this perturbation ? Of what 
ord«:r are the terms in which this uncompensated portion is ex- 
pressed ? 

(559) — Dftflcrihe tlie equality of lont; period between Venus and tbe earth. 
Of what order nrc the temii* on which it depends? Who detected 
and explained tluM inequality ? 

(553)— Whnt is the mottt iin}K)rtant lunar inequality 7 Who discovered it 7 
Who explaiHed it ? 

f554^— What other part of the dinturbin); force remains to be considered? 

fS.Wi — Explain llio nddititiovn force — the ablatitiout force. 

(556)— What is iihown rH.-«pecting the attraction of a ring on its centre 7 
On n point without its centre? How then do the effects of the 
radial force vary ? 

(557)— What ih then the average effect of a superior planet on the period 
of uu inferior planet and vice versa 7 

'558) — How cun thio disturbance he detecto<l 7 Are we sure that such dis- 
turbances are small and unimportant in the theory of their 
inotioiia ? 

(550) — Mention the disturbing effect of the sun upon the length of the lu- 
nations. 

'5G0)— What is the secular acceleration <if the moon^t mean motion? Who 
pointed it out ? Who accounted for it ? 

',50])— Would the periodic time of the moon be compensated in a great 
many years if the ellipse of the earth's orbit remained invariable? 
What slow changes does the earth's eccentricity -undergo 7 Will 
tbe earth's orbit ever become a circle ? What change will then 
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IbUow 7 What idea can we fi>nn of the peciod of these changea T 
In an theie changes how is the moon*e mean motion affected * 

rSQS)— What illuttration does this secular variation furnish ? 

(flS3>— What are the two kinds of changes which the planetary orbits un* 
dergo 1 Who proved that there is no third class ? What element 
of the planetary ellipses is independent of these.seeular variations ? 
On what then does the periodic time of a planet depend ? What 
very important conclusion follows respecting the length of the si- 
dereal year at all times f 

(56^— What is remarked of this theorem 1 

(56S^Wbat general property of elliptic motion is here stated ? Who' de> 
monstrated it 7 What drcomstance alone can cause the major 
axis to vary 1 

(566)~Can any change take place in the m«Jor axis without changing the 
velocity of the planet? Does the direction of the force causing 
this chance of velocity have any effect 7 How then does a compcii- 
sation take place in the changes of the m^or axis in a long period 
of time 7 

(587)— On what then do the variations of the major axes of the planetary 
orbits depend 7 

(568)— What is the object of several of the following sections? 

(5QB>— Describe the experiment that illustrates the motion of the apsides in 
lunar and planetary orbits 

(570)— Give at length the author's explanation of this experiment. 

1571V— Apply this reasoning to the motion of the moon round the earth. 

(57S) — What is the motion of the apsides in the syzigies 7 What in quad 
rature 7 What is the average result 7 

(573)— What other force causes the lunar apogee to advance 7 Why does 
not a compensation take place in a synodic revolution 7 What 
singular ettbct of these forces is mentioned in the close of the se' 
tion 7 

(574)— What difficulty did Newton encounter in explaining this disturb- 
ance 7 Who removed this difficulty 7 

(57S)«-How does the displacement of the line of the apsides affect the ec- 
centricity in fig. 1st 7 How in fig. Sd ? How are these disturb' 
anees eompensated 7 What general conchision follows respecting 
the mean eccentricity of the moon 7 

(576)— Mention the variations of the eccentricities of Jupiter and Saturn. 
What is their period 7 What is the period of mutual compensa- 
tion of the eccentricities of all the planets 7 

(577)— On what does the mean amount of light and heat of a planet 
depend 7 Can the eccentricity of the earth ever become very great 7 
Repeat Lagrange's theorem. What follows firom this? Give the 
remarks contained in the note. 

(578)— What efl^t has the spheroidal form of the earth on the moon's mo- 
tions? Does this remark apply to all satellites? What circum- 
stance prevents Saturn's 7th satellite from being forced to move 
in the plane of Saturn's equator? Why is not the rin^ disturbed 7 

(579)— How can we determine the masses of'those planets which have no 
satellites? How does theory aid us? What error has Laplacs 
interwoven into all the planetary tables? Who detected this 
error? By what means? What confirmation is mentioned by 
Encke? 

(580)— How are the masses of Jupiter's satellites determined ? Can tb« 
of Saturn's satellites be thus determined? 

CHAPTER XII. 

Are the stars absolutely '* fixed ?" 

•Mention the different magnitudes of the stars. Is there any limit 

Mention the number of stars of different magnitudes. 

/ 





416 QU1STI058 ON ASTROZrOMtT. 

(m)-4ftate tlM eomparative qaantities of light of the different magni- 
tudes. 

(585>-What is said of the distribution of the bright stars in the hwv9m1 
What of the small stars 7 

(S86)~IIow does Sir William Ilerscbel supjpose the earth to be situated in 
the starry hoavens ? What does the milky way appear to be com- 
posed of 7 What idea can we form of the nuioher of tLe atara in 
the milky way? 

(587)— Is there any known limit to the distance of the stars? 

(588)— What use is made of the earth's diameter in the trigimometrital nar^ 
vjf nf the heavens? What use can be made of- the diameter of the 
earth's orbit on its annual parallax? What conclusion does this 
atTonl 7 

(568)— How ftir otT then is the nearest star ? 

(000) — How may we conceive of this distance 7 In how long time would 
licht travel the nearest distance of a star 7 How loixg has the light 
of the small or more distant Btars been travelling to reach us ? 

(501)— Prove that Birius is twice as bright as the sun would he at tlM auM 
distance 7 
-For what purpose were these stars created 7 
-What is remarked of tI»o star Omicron Coti ? 
-What Is said of Alffol 7 
-Are the causes of these changes known ? 

-What led Hipparchus to make a catalogue of the atara? Deaerikt 
the bright star seen by T^cho Brahe. 

(SBrty~ Arc similar occurrences still taking place ? 

(506)— What is said of Castor? How many double stars have been diaeo- 
vered ? 

(500)— Show that the earth's annual parallax might give motions to atan 
optically double. 

(600)— What is the angle qf poritiffn of a double star.? How can it he 
measured ? 

(001)— Mention the advantages of this method. 

(008)— What motive first induced Sir William Herschel to undertake thie 
kind of measurement 7 What discovery diverted lus attention 
f^om this object? 

(603)— What would be the apparent motion of one double star compared 
with the other iVom syntematic parallax 7 How long did he observe 
them for the purpose of discovering this parallax? 

(604) — Wlien did be announce the discovery of binary stars? What is meant 
by binary stars? How many did he adduce 7 What periods of or- 
bits did he assign 7 

(605^ — What is remarked of tliis catalogue 7 

(60C}— Who first computed an orbit of a double star? Who next? Since 
there are nine now known, how many were determined by the 
author? 

(607)— Which is the most remarkable of these 7 

(608)— What is said of 17 (Eta) Corona; 7 Does the Newtonian law of gra- 
vity explain these revolutions 7 

(600)— Oive the author's remarks on the nature of these revolutions. 

(610)— Give instances of double stars presenting a variety of colours? 

(611) — What proper motion have the two stars Gl Cygni 7 What single star 
has the greatest proper motion 7 

(612)— Wlmt general motion of the system did Sir William Ilcrschel sus- 
pect ? Has this ho.cn confirmed by succeeding astronomers? 
Mention the remark of Mr. Pond. 

(G13)— What is remarked of groups of stars? How many stars are there 
in the Pleiades ? How does the author in the note account for the 
multitude of stars we see in a general view of the heavens? 

(614)— Give a description of Prapsepe. Of tlie cluster in the sword handled 
Perseus. Olobular clusters. 

615)— Give the author's fUrther remarks on globular clustere. 
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Mention Sir William Herschers six classes of Nebole 

Hqw does he regard the itTe|;uIar clusters ? 

Are all clusters probably resoivable with telescopes of sufBdent. 

power ? 
What two remarkable nebuls are described 1 
Describe the nebula near v (Nu) Andromeda. 
Describe the nebulous stars. 
What remarkable annular nebula is mentioned 1 
What is remarked of planetary nebuls? 
What is remarked of No. 51 of Messier's catal<^ue 1 What of the 

27th 7 
Is it probable that all hebuts consist of stars ? 
What circumstance renders it probable that the sun is a nebuloof 

■tar 7 Describe the zodiacal light. 



CHAPTER XIIL 




(627)— How can time be measured ? 

(636)— What natural units of time are mentioned? What inconvenience 

have thfey ? • • 

(629)— What are the two most invariable measures of time ? What variif- 
tion has the tropical year ? 
-What is said of the ineommensuraUlity of the yearl^ 
-How is this inconvenience obviated in the 6re|[orian CrfLpndar? 
-State the Gregorian rule. What is the error m this rule iif 10,000 
years ? What improvement might be introduced ? 
(633)— What are bissextile or leap years ? Intercalary or leap days? 
(.63^— What year was used fVom Numa to Julius Cssar ? What improve- 

- ' % ment did Julius Cssar introduce ? 
^35)-^Wii&t fault remained in the Julian Calendar? Who reformed it? 
•When? When was this change adopted in England? What 
• " ' ■ \ country still uses the old style ? 
|[^6)^What aids does astronomy furnish in recovering dates ? 
'637)— What nations divide the year into lunar months ? 



THB END. 
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CATALOGUE 

OP 

LEA AND BLANCHARD'8 

PUBLICATIONS. 
THE AMERICAN ENCYCLOPEDIA. 

BROUGHT UP TO 1847. 



THE ENCYCLOPEDIA AMERICANA> 

A POPULAR DICTIONARY 

OF ARTS, SCIENCES, LITERATURE, HISTORY, POLITICS 

AND BIOGRAPHY. 

IN FOURTEEN LARGE OCTAVO VOLUMES OF OVER SIX HUNDRED DOUBLS 

COLUJLNED PAGES EACH- 

For sale very low, in various styles of binding. 

During the long period which this work has been before the public, it 
has attained a very high character as an 

ENCYCLOPAEDIA FOR DAILY REFERENCE, 

Containing, in a comparatively moderate space, a vast quantity of informa- 
tion which is scarcely to be met with elsewhere, and of the eAact kind 
which is wanted in the daily exigencies of conversation and reading. It 
has also a recommendation shared by no other work of the kind now before 
the public, in being an American book. The numerous American Biogra- 
phies, Accounts ofAmerican Inventions and Discoveries, References to our 
rolitical Institutions, and the general adaptation of the whole to our own- 
peculiar habits and modes of thought, peculiarly suit it to readers in this 
country. From these causes, it is also especially fitted for aU 

DISTRICT SCHOOL AND OTHER PUBLIC LIBRARIES, 

in some of which it has been tried with great satisfaction. It fulfils, to a 
^catcr extent than perhaps any similar work, the requirements for these 
institutions, presenting, in a small compass and price, the materials of a 
library, and furnishing a book for every-dav use and reference, indisjkDnsable 
to those removed from the large public collections. 

iSomc years having elapsed since the original thirteen volumes of the 
ENCYCLOPEDIA AMERICANA were published, to bring it up to 
the present day, with the history of that period, at the request ornumeitme 
subscribers, the publishers have just issued a 

SUPPLEMENTARY VOLUME (THE FOURTEENTH), 

BRINGING THE WORK UP TO THE YEAr184» 

EDITED BY HENRY VETHAKE, LLOK., 

Tiotf-Prevoat and Pi ofi awi of Mattwmatici in the Uni v errity xii 

-A Treatin on Fblitieal Boonomj." 

In one large octavo volume of over 650 dox&bVft «xA»xBnRi^\M|sif^ 




% lifeA AND BLANCHAJLD'fl PDBUCATIONa 



ENCYCLOPJSDIA AMERICANA. 




•ubMriben who liatto been wafting the co mp b tl Dii dtiMB 
•DW perfect their eete, and all who want 

GISTER OF THE EVENTS OF THE LAST FIFTEEN 
YEARSi ffOE THE WHOLE WORLD, 






^"^ tHRtU^ ^lii^^lidNMMl't Priee Two VfUum vntnt ia.qlqtll, or 
TwvWollatt «nd F'lftfXeamm leather, to match the ttjlee in whuh tho 
publliihen fakve been seiHnf 

Sabecribers in the large cities can be eupplied on application at anj of tho 
' 'fliml bookatores { mk! persona residing in the country can hato thek. 
I«qiiched bf sending a volume in charge of friends vishukg toe dty. i 

omplote sets furniahed ai very low pricea in various bindinga. 

' *Tlie^fWiifci»of tto Bmiwlmwdii Jumtukum matvmd tm oiiMpiMBiion th> yblio wham, 
■■iV»ith«rtapiedUwthiitMsvohmiMfmBth«lrpfiak llMf MoMasd a WidM. 
of iiifhmMU(m« npim almoiC orviy lUliliBf wMta wovld 1m Ukalj to oooopf piaMli 
, or bo Um tbomo of cuavemUon la tbo piifBto cindo. Whatovor ono would wiiklo 
kaoonod onljr iinpiiry to d» isto tho Ibgrdopadli firin—, id tkmm Ihi 
> at iMMt, woold hefnuud, andiofinvMonodotoChewworkswIiioiitiMCaClMioapailhi 
It waa not ■traomi, thrraibra, (kat tho work wai popslar. B«it4atfMutooa yoaai» giwl 
Tho laal fiiarteeii yean havo booa tall U thom, aad gnat diao cH r wi to 
loaMlllMarta; and graaft bmb hato, hgr daath, eoiMaaadod Ihoir BBMaa 
la tiM fldelitr of tha bioKnipli»r. lu that tho EncfBtopadk thai ^iproaohed porfMHoa ia 
adiht flUl oiNtsidonbly lM>hiiMl lu 1816. To bring up tho work, and koop it at tha proaant point, haa 
baaa a task anramed by i'mfeMor Vethake, of the Pennsylvania Unirenity, a gentleman eatirt^" 
to rack an undertaking ; and with a diapoaition to do a good work, he haa aiqipUod a 
volume to the main work, oorroqioading in aiaa and anrangaaaanta therowith, aad 
indeed, a fourteenth vulorao. The author haa tieoa exooedingly induetrioua, and inrf 
I tedlaDOvariag und wlecting matariale, using all that Germany haa presontod, and rasorl- 
iBf taavaqr apadea <d infumiation of events oonnootod with tho plan of tha work, ainoa tha pn^ 
Uotflaa H tlw thirteen vulumea. He haa oontinoed artioka that ware oamneaood hi that work, 
wtA addid aow artioles upon soienoe, biugmphy, history, and geography, ao as to make tha praaiag 
Mtataa a naeessary appendage in completing beta to the oth«r. The pnbliafaan daaivpa tha 
thaaka of the readers of the volume, for the handsoaae type, and (dear whita paper thagr ham laai 
ai tha pohliRatioa."— (^»ii«< SUatu Otuttte. 

m 

« Tills vuiume ia worth owning by itself, as a meet convenient and reliabla.oompend of recant fOa- 
toiy, BiocraphTt Staiistios, &c., Ac The entire work forms the cheapest and probably now the 
■iptt deaiaMa Rtrvrlopcidia published for popular use."— iVeis York Ty-Aioie. 

«Thf O&rermitiiins Lexicon (EnofcloiMidia Americana) haa beoomo a honaahohi book in all tha 
^^^ftalligeut Auiiilitw in America, and is undoubtedly the best daposltoiy ef Uographieal, hhhirinal, 
^Hgraphical and puUtical information of that kind which diacrimuwting readers regniro." ^flBW 

W^H^J w SFa^Ww Mate* 

■*11K volnne of tha AMqrelopadis is a Weatminster Abbejr of AmorkMa rapotattaa. WhaS 
aanea are un the raUjI^ 1833!"— JV; Y. LUmnf IVMi. 

^ '*Tha.^i|tktowiaoiitM»Tatomefanaaaauw>laiaaBt,hapaoftharBia>ttaa^^ 

ftat haa 4*w I^mb BUida to the literature of oar coontiT. Beaides condonaini^fcto a eonqiara- 

J4|bUMi>'«i»^iiAff thtlaateUnoa of laigar wvihi of ths saine kind which had prsoedad 11^ II . 

iMkraat amfinlt of information that is not elaevrfaere to bo found, and is disthtgniahad, not 

Ha ■fcilr^to<^M>"'Mi*> ft^M fcr tha variety of aobjaeta of wfatoh Ittoeata. Thapraaaaft 

,^«Ml^iMHS||*lipM of tha aipat,.di#agahhad lobolan of wfr aoiiBti]r»ti^spnntlv to 

ithatraflnRboaawfaiehhavaprippejladfit ft ia a rsmarkably felicitous oood«naatia« 

«r tha OMwa raoent impawemeata in scpeno^ and the arts, bosidas fomdng a very ^pmrtanf addi- 

%tl%^ tlm^ nim m ii Bfattaphy, tha ganani prograsa of aoelaty, Ac, Ac * -AUmy Af^m. 



LEA AND BLAN CHARD'S PUBLICATIONS. . 

CAMPBELL'S LORD CHANCELLORS, 

JUST PUBLISHED. 



LIVES OF THE LORD CHANCELLORS AND KEEPERS OF HIE 

GREAT SEAL OF ENGLAND, 

FROM THE EARLIEST TIMES TO THE RBfON OF KING GEOROE IV., 

BY JOHN LORD CAMPEBX^ A.M.,F.R5.E. 

First Series, forming three neat volumes in demy octavo, extra cloth. 

Bringing the work to the <«pe iff Lord JeffHes. 

THE SECOND SERIES WILL SHORTLY FOLLOW IN FOUR VOLUMES TO MATCH. 

" It is anlBcient fbr as to thank Lord Cantpbell for the honest industry with which he has thus hr 
pfOMCOted his Uage task, the ^neral cauador and liberality with which he hns analyzed the Una 
and diaractera of a long saccession of iniluentiai magistrates and ministers, and the manly li^ 
of his itarrative. We need hardly say that we shall expect with great mterest the oonthiQKtkMi 
of this perfiDrmanre. But the present series of itself is more than sufficient to gire Lord Oampbdl 
a high station among the English authors of his age."— Quorter/jf Review. 

" The volumes teem with exdting incidents, obound in portraits, sketches and anecdotes, and art 
at once interesting and instructive. The work is not only historical and biographical, bat it is 
aneodotal and i^ilosophicaL Many of the chapters embody tluilling incidents, while as a friHia, 
the publication may be regarded as of a high intellectual order."— /n^tarer. 

**A work in three handsome octavo volumes, wliich we shall regard as both an ornament andaa 
hcHior to our kbrary. A History of the Lord Chancellors of England from the institution of tba 
office, is necessarily a History of the Constitution, the Court, and Uie Jorispradenee of the King- 
dom, and these vohimes teem with a world of collateral matter of the liveliest character for the 
gvneral reader, as well as with much of the deepest mterest for the professional or phikanphio*! 
taiDd.'^—Sattardajf Cowier. 

** The brilliant success of this work in England is by no means greater than its merits. It is 
oertainly the moet brilliant contribution to English history made within oar rootdlection ; it kas 
the charm and freedom of Biography combined with the elaborate and careful oomprt/UensiTanass 
uf History."— iV. Y. Tribune, 

MURRAY'S ENCYCLOPJIDIA OF GEOGRAPHY. 
THE ENCYCLOP/EDIA OF GEOGRAPHY, 

C0MVRI8IK0 

A COMPLETE DESCRIPTION OF THE EARTH, PHYSICAL. 
STATISTICAL, CIVIL AND POLITICAL. 

EXHIBITIiro 

ITS RELATION TO THE HEAVENLY BODIES. ITS PHYSICAL STRUCTURE, THE 

NATURAL HISTORY OF EACH COUNlTlY, AND THE INDUSTRY, 

COMMERCE, POLITICAL INSTITUTIONS, AND CIVIL 

AND SOCIAL STATE OF ALL NATIONS. 

BY 'HUGH MURRAY, P.R.S.E., &c. 

Assisted in Botany, by Professor HOOKER— Zoology, &c., by W. W. SWAINSON— Astronomy, fta. 
by Professor WALLACE— Geology, Ac., by Professor JAMESON. 

RBVISBD, \iriTH Al>DITIOSS, 

BY THOMAS G. BRADFORD. 

THE WHOLE BROUGHT UP, BY A SUPPLEMENT, TO 1848. 

In three large octavo volumes, 

VARIOUS STYLES OP BINDITTa. 

This great work, furnished at a remarkably cheap rate, contairis mbool 
NiNETEKN Hundred large imperial Pages, and is illustrat^ by EraH'fri* 
I'wo small Maps, and a colored Map of the Unitbd States, after Tan 
ner'a, together with about Eleven Hundred Wood Cuts exeoated in ihm 
beat style. 



LEA AND BLANCIIARD'S PUBLICATIONS. 

STllICKMND'S QUKRNS OF ENGLAND. 

A NEW AND ELEGANT EDITION 

or 

LIVES OF THE QUEENS OF ENGLAND, 

FROM THE NORMAN CONQUEST; 

Wnil ANKCIxriFS OK THKIR COURTS, NOW HRST PUBLISHED FROM OFFICIAI 

RECORDS AND m MER AUTHENTIC DOCUML-NTS, I'KIVATE AS WELL AS I'UBUC. 

NEW BPITION, WITH ADUfTIONS AMD CORRECTIONS. 

BT AaNES STRIOKLAND. 

Fonninc a iininlHoina scrirs in crown (intivo, IwHiitifiilljr printad with larfe ty\te on fine papa; dont 
up 111 iich fMni (TiiiiMiit cloth, Biul Mild at a chieu])«r rate than furin«r etliLiwiia. 

Vohimo Out', of uoarljr Hcvon hiindrud large pages, containing Volumefi 
One, Two, and Thrco, of the duodecimo edition, and Volume Two, of more 
than nix hundred imires, rontaining Volumes Four and Five of the 12mo., 
have just been iHsiird. Tho remainder will follow rapidly, two volumes in 
onn, and ilic wliulu will form nn elegant set of one of the most popular his- 
tories of ihi.' day. Tiie publiHhers have gone to much expense in pre- 
paring this from tho reviHcd and improved L(mdon edition, to meet the fre 
quent inquirifs for the " Lives of the Queens of England," in better style^ 
urger type, and Cmor piiiier than has heretofore been accessible to rcaaers 
in this country. Any volume of this edition sold separately. 

A few copies still on hand of the Duodecimo Edition. Ten yolumes are 
now ready. Vol. J. — Contiiiris Matilda of Flanders, Matilda of Scotland, 
Adelicia of LoiiVMiiic, Matilda of Boulogne, and Eleanor of Aquitaine. 
Price r»() r<;nts, in limiy papir. V»)l. II. — \U>ru\\f!;nnii of Navarre, Isabella 
of An«(o»il«imo, l-ilcanor ol i*rov<Mice, ENianor of (JaHtiie, Marguerite of 
Francif, iHabcIla of Francit, Pliilippa of Ilainniilt, and Anne of Bohemia. 
Price TM) (UMits. Vol. 111. — I.sabjiUa of Valoi.s, Joanna of Navarre, Katha- 
rine of V^aloi-«, .Miiii^arci of Anjoii, l'ilizal)Ctli Woodvilh', and Ann of War- 
wick. Pricfj TjO (••■iitH. Vol. 1 V. — I'ilizabcth ot York, Katharine of Arragon, 
Anne Boiryn, JaiKi Seymour, Aiuhj of Clevos, and Katharine Howard. 
Price fJ'> ('(int.M. Vol. V. — Katharine Parr and Queen .Mary. Price 65 cents. 
Vol. yi.— Queen lOlizalMMli. Price (irj cents. Vol. VII.— Queen Elizabeth 
(continued), and .\rnie of Denmark. Price 65 rents. Vol. yill. — ifenrietta 
Maria and (..'ai ha line of Brairanza. Price 65 cents. Vol. IX. — Mary of 
Modena. l*rice 75 cents. Vol. X. — Mary of Modenu (continued), and 
Mary II. Pric<; 75 cents. 

Any vuliiiuu Hold cifparntely, or the whole to match in neat greeu ciulh. 

jr;ST I'UBLISIIED 

voiaUMzs tsxt: 

O.NTAININa 

MARY OF MODENA, AND MARY II. 

Price 75 cents in fancy paper. — Also, in extra green cloth. 

"Ihese vuliiiiu's hnvu tlie fohcniHiion uf u roinanco united tu the integrity of history." — Time$. 

**A most viiiuable and riiterljuniiijj Yntik."— Chronicle. 

"This int«;n's!m^ nnd wftll-wriUou work, hi wliich the severe truth of history takes almost ihe 
wildnctM uf roiusuice, will constitute a valuable addition tu our biofnraphicai hterature."— A/amina 
Utralil. 

" A v(i1aaI)lo r-oiitrihution to hiKtorical knowledf^e, to yonnf^ i>er8onii especially. It contains a 
tataa of every kiii.l uf liMtorinal matter of inierext, which mdustry and refiearch could collect. Wo 
have derived much entertainment and iiLstruciiun from the work." — Alfiemeum. 

"ITie execution of this work is equal to the c(jnception. Great pains have been taken to make 
It both interesting nnd valuable." — Literary Gazette. 

**A charming work — full of inloreid, ul utvco wt\v>\\s und ^leusinR.** — Monsieur Otdzot. 

' A nicww churmini? hi«)KTnp\i\cu\ mcmmr. NVc cuvu'\\v\tt \vj cxvwwiwvj; ww "Msn^vaXv^^iV u^Vmoiu 
thnt w« know of no more v:dna\^\«c(mlT^\mV\ouU^nvoA«Ia^Ma^w^I VaaxvXioa^iiaNSxNv^^^ ^AVk-i^ 
hincklaxnTH Livtw of tUo Queeua."— Morning Jlerald. 



LEA AND BLANCHARD'S PUBUCATIOMS. 



SCHOOL BOOKS. 



SCHMITZ AND ZUMPT'S CLASSICAL SERIES. 

VOIiUMB I. 

C. JULII C^SARIS 

COMMENTARII DE BELLO GALLICO. 

WITH AN INTRODUCTION, NOTES, AND A GEOGRAPHICAL INDEX IN ENGLISH. 

ALSO, A MAP OF GAUL, AND ILLUSTRATIVE ENGRAVINGS. 

In one handsome 18mo. Tolome, extra cloth. 

This Series has been placed under the editorial management of two eminent scbolurs 
aift practical teachers, Dr. Schmitz, Rector of the High School, Edinburgh, and Dr. 
Zdmpt, Professor in the University of Berlin, and will combine the following advan- 
tages:— 

1. A gradaally ascendhn; series of School Books on a nniform plan, so as to constitate withbi a 
definite number, a complete Latin Curriculum. 

2. Certain arrangements in the rudimentary volumes, which will insure a fur amount of know* if- 
ledee in Roman literature to those who are not deiiigned fbr professional life, and who therefofta - 
will not require to extend their studies to the advanced portion of the series. * 

3. The text of each author will be such as has been constituted bv the most recent ooUatioiis of 
naauscripts, and will be prefaced \n iMogntphical and critical sketches in English, that popilf aay 
lM made aware of the character and peculiarities of the work they are about to study. 

4. To remove difficulties, and sustain an interest in the text, explanatory notes in English will 
be placed at the foot of each page, and such comparisons drawn as may serve to unite the histoiy 
of toe past with the realities of modem times. 

5. The works, generally, will be embellished with maps and illustrative engravings,— aocompani> 
ments which will greatly assist the student's comprehension of the nature of the countries and 
leading circumstances desnrib«)d. 

6. The respective volumes will be issued at a price considerablv less than Uaat usually charged ; 
and as the texts are from the most eminent sources, and the whole series constructed upon a de- 
terminate plan, the practit^ of issuing new aud altered editions, which is complained ot aUka by 
ti..,.:her8 aud pupils, will be altogether avoided. 

From among the testimonials which the publishers have received, they append the 

following to show that the design of tlici series has been fully and saccetsAiUjr earried 

out: — 

Ceniral High School, PhOa., June 29, 18« 
GtntUmfn : — 

I have been much pleased with vour edition of Ciesar's Gallic Wars, being part of Schmitx and 
Zumpl's classical series for schools. The work seems happily adapted to the wants of learners. 
The notes contain much valuable information, coaoisely and accurately expressed, and im the points 
that really require elucidation, wliile at the same time the book is not rendered tiresome and ex- 
pensive by a useless array of mere learning. The text is one in high repute, and your reprint of it 
IB pleasing to the eve. I take great pleasure in commending the publication to tiie attention of 
teachers. It will, I am peisuaoed, commend Itself to all who give it a fklr examination. 

Very Respectfully, Your Obt. Servt., 

JOHN S. IMjIt, 
To Messrs. Lea & Blanchard. Prindpal Phila. J^h School 

Gtntlmm:- Jime 2M847. 

The edition of "Csesar's Commentaries," embraced in the Classical Section of Chamben's Edu- 
eatiuual Course, and given to the world under the auspices of Drs. Schmitz and Zumpt has re- 
eeived hoxa me a candid examination. I have no hesitation in saying, that the design expressed in 
the notice of the publishers, has been successfully accomplished, and that the work is well calcu- 
lated to become popular and useful I'he text appears to be unexceptionable. The aumotatiOM 
embrace in condensed form such valuable information, as must not only facilitate the research of 
the solidlur, but also stimulate to further inuuiry, without encouraging mdolenoe. This is an iai- 
pttrtant fKHture in the right prosecution of classical studies, which ought to be morejenerally un- 
derstood uud appreciated. H. HAVERarnCJK. 

Prof, of Ancient Languages, Central High iSbftool, Pkila. 

VOIiUMB II. 

P. VIRGILII MARONiS CARMINA. 

NEARLY READY. 
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LEA AND BLANCHARD'S PUBUCATIONS. 



SCHOOL BOOKS. 



^■- BIRD'S NATURAL PHILOSOPHY. 

NEARLY READY. 

SLEMKNTS OP NATURAL PHILOSOPHY, 

■XrHG AN EXPERIMENTAL INTRODUCTION TO THE PIITSICAL BClElKlSa. 

ILLDSTRATBD WITH OVKR THRKB HCNDBBD WOOD-CUTB. 

BY GOLD IN G BIRD, M.D., 

Anwtant Phyndaii to Guy's HuqritaL 

FROM THE THIRD LONDON EDITION. 

In one nnat volume. 

the Biipeeninre of Dr. Bird's work, the Rtudrnt hmi now till that he am demre in on* wmt, 
e, noA wcllHliinnrtnl volumr. 'Hip f'Icineniii ornatiiml ptiilonophjr are explained in rmif itai- 
ito lanivafe, and lilusiraled by numaraua wuod-cuta."— JMcAcoi OaaetU. 

ARNOr rS PH YSICS. 

ELEMENTS OF PHYSICS; OK, NATURAL PIIIL080PHT, 

GENERAL AND MEDICAL. 

WRITTEN FOR UNIVERSAL USE, IN PLAIN, OR NON-TECHNICAL LANGUAGE. 

BT NZEZiL ARNOTT, »I.D. 

A NEW EDITION, BT ISAAC HATS, M. D. 

Complete in one octavo volume, with nearly two hundred wood-cuts. 

TMs standari work hnn boon loiir and fnvonrahly known as one of the best popular ezpMMoas 
0/ the interesting sciKDce it truatfl of. It is oxtuiisively used ui many of the first souiinaries. 

ELEMENTARY CHEMISTRY, THEORETICAL AND PRACTICAL 

BY GEORGR FO WNE S, Ph. D., 

Chemical lecturer in the Middlesex Hospital Medical School, Ate, &c. 

WITH NUMEROUS ILLUSTRATIONS. 

EDITED, WITH ADDITIONS, 

BY ROBERT BRIDGES, M. D., 

Profanor of General and Phanuareutical Chemistiy in the Phila(Icl])hia College of Pliarmacy,&c, A& 

SECOND AMERICAN EDITION. 

In one large duodecimo volume, shoep or extra cloth, with nearly two 

huudred wood-cuts. 

The character of this work is snch as to recommend it to all colleges and academies in want of a 
text^lK>ok. It is fully l)roiifi;ht np to the day, contaming all the latH vinws and dinroveries that have 
BO entirely chaneri'd the fui-e of liio scicncn. and it is completely ill u«trafp<l with very nnmerons 
W(km1 en^raviniTs, explanatory of jtll the ditr«r(int ]irof*.<^Kso8 and fornis of ar>]:iaral.uR. Thoiif^h strictly 
■dentiilc, it is >\ritt(>n with KTcat cleamcss and simplicity of stylo, rendering it easy to be compre- 
hended \if those who are coniincncin? the study. 

It may be had well bound iu leulhur, or nouily done up ui stnmg cloth. Its low price plaoea it 
Within the reach of all. 



BREWSTER'S OPTICS. 



SlaSBKZSXI'TS OF OPTZOSi 

BY SIR DAVID BREWSTER. 
WITH NOTES AWU XUU\T\0'N%, ^'l A>. O. BACHE, LL.D. 
8upeiinto»Aen!t oi ^% Ooux. ^^oirrai « (>&. 



LEA AND BLANCHARD'S PUBLICATIONS. 



SCHOOL BOOKS. 



BOLMAR'S FRENCH SERIES. 

New editions of the following works, by A. Bolmar, forming, in con- 
nection with **Bolmar*s Levizetc," a complete series for the' acquisition of 
the French language. 

A SELECTION OF ONE HUNDRED PERRIN'S FABLES, 

ACCOMPANIED BY A KEY, 

Containing the text, a literal and free translation, arranged in Ruch a manner as to 
point out the difference between the French and English idiom, &:c., in 1 vol., 12mo. 

A COLLECTION OF COLLOQUIAL PHRASES, 

ON EVERY TOPIC NECESSARY TO MAINTAIN CONVERSATION, 

Arranged under different hnads, with numerous remarks on the peculiar pronunciation* 
and u«ies of various words; the whole so di.»pos(;d as considerably to facilitate the 
acquisition of a correct pronunciation of the French, in 1 vol., iSmo. 

LES AVENTURES DE TELEiWAQUE PAR FENELON, 

In 1 vol., 12mo., accompanied by a Key to the first eight books, in 1 vol., 13mo.,con* 
taining, like the Fables, the text, a literal and free translation, intended as a sequel 
to the Fables. Either volume sold separately. 

ALL THE FRENCH VERBS, 

Both regular and irregular, in a small volume. 

nKTmTR^sTimT^^ 

NEAKLY READY. 



PRINCIPLES OF PHYSIOS AND METEOROLOGY. 

BY J. MULLER, 

Professor of Physics at the University of Frieburg. 

nXmUATED WITH REAIILT nVB HUXPRED AND nPTT ENORAVIXaS 03 WOOD, ^D TWC 

COLORRD PI.ATKS. 

In one octavo volume. 

This Edition is improved by the addition of various articles, and will be fbund la 
every respect brought up to the time of publication. 

**T}ie Phj'sios of MuUer is a work, s'lperb, complo^^e, unique: tho neatest want known to Engt* 
IJsh Science ronld not have boeii better supplied. The work is of f:niT):i.s.sin? interest. The value 
of this contribution to the scientific recorils of this country may be duly ustininted bv the fSict, that 
tlu! rirsl of I he original drawing;! aiid eugruriiigs alone has exc«}0(led thu sum of 2UU0/."— Zoncef. 
March, 1&17. 

JLUr JLTl^AB OF iLX^-CIBXTT GBOGHiLPR'B', 

BY SAMUEL BUTLER, D.D., 

Lnte Lord Bishop of Litchfield, 

CONTAINING TWENTY-ONE COLOURED MAPS, AND A COMPLETE ACCENTDATBD IRDBX. 

In one octavo volume, half'bound. 

BUTLER'S AN CIENT GEOGRAPHY. 

GXSOGBiLPHIi^ Ol^i^SSZCi^, 

OR, T"E APPLICATION OP ANCIENT GEOGBAPHY TO THE CLASiaOi 

BY SAMUEL BUTLER, D.D., F.R.B. 

REVISED BY HIS SON. 

Firm AMKEicAir. fbom Tm last lohdon editiov, 

WITH QUESTIONS ON THE MAPS, BY JOHN FR081. 

In one duodecimo Tolume, btlf-bound, to matcb the Atlas. 



sju. Ajro BLANCBARiys ruBuoAnoira 



SC HOOL BOO KS. 
WHITE'S UN IVERS AL HISTORY. 

LATBLT PUBLI8BSD, 

aXiBMaarTti of trirz.vB&sA.Xi axsTomv, 

ON A NEW AND 8Y8TBMATIC PLANl 

nUK THE XASUBT TIMES TO TRK TREATY OF VIENNA; TO WHICH B ASOKD, A 

BUlOfARY OP THE LEADING EVENTS SINCE THAT PERIOD, FOR TUX 

USE OP SCHOOLS AND PRIVATE STUDENTS 

BT B. WHITE, B.A., 

VmiVITT OOLLiai, OAHBBID«B. 

WITH ADDITIONS AND QUESTIONS, 

BT JOKX S. BART, A.1C, 

Priaripd of tte PhibiMplilft High 8eluMl« ftDd Proftaor of MM 

, !■ o&e vohune, largt duodtdmo, ntatly boand with Marooo Baekik 

This work fi tmnffed on a new plan, which is believod to oombine tha 
•dvantagM of thoae tormerlv in use. It ia divided into three parta, oorra- 
apondina with Anciont, Middle, and Modern History ; which parts are again 
aubdivided into centuries, ao that the various events are presented in tha 
order of time, while it is ao arranged that the annals of each countrj can ba 
read consecutively, thus combinina: the advantages of both the olans hitherto 
pursued in works of this kind. To guide the researches of the atodant, 
there will be found numeroua aynoptical tables, with remarks and aketdiaa 
of literature^ antiquities, and mannera, at the great ckronoloffical epoeha. 

The additions of the American editor have been principally confined to 
the chapters on the history of this country. The series of queationa by him 
will , be found of une to thone who prefer that syatcm of instruction. For 
those who do not, the publishers Ikkvo had an edition prepared without the 
questions. 

This work has already passed through several editions, and haa been 
introduaed into many of the higher Schools and Academies throughout the 
country. From among numerous recommendations which they have re- 
ceived, the publishors annex the following from the Deputy Superintendent 
of Common Schools for New York : 

f^ecretnry's Offlo«, ) State of New York. 

Department of Ciimnion Sehoole. > AlUmv, Oct. Uth^ ISlflL 

Mam, Lea it Blanchard: 

OaUlemeH:—i liave examined the copjr of "White'k Unirersal Hietory," whidi yon w«n ao 

obliging as to lend me, and choerrully and fully concur in the oommendaticns of its value, m aeoia* 

preheniiiTe and enlightened Hurvey of the Ancient and Modern World which many of the moat eoia* 

patent Judf^es have, aa I perceive, already l)eatowed upoo it. It appears to me to be admiraMy 

wdBpbed to the purposes of our public achools ; and I unhesitatingly approve of its introdoctkm into 

thoae seminaries of elementniy instruoUon. Very respectfully, your obadiest asrvant, 

SAMUEL S. RANDALL, 

Deputy Superintendent Common Schoob. 

This work is ndmimtily calculated for District and other libraries : an edition for that 
without questions Iiom been prepared, dune up in strong cloth. 

HERSCHEL L^S AS TRONOMY. 

£L THSATZSS OUT ASTHOZroaCT, 

BY BIR JOHN P. W. HBRSCUELL, F. R. a, to. 

wrra sruMEBors fOATsa and wooiMnm. 

A NEW EDITION, WITH A PREFACE AND A SERIES OF QUESTIONS, 

BY a. O.'WK'LIK.^'BL* 



LEA AND BLANCHARD'S PUBLICATIONS. 

ROSCOE'S UVES OF THE KINGS OF ENGLAND. 

TO MATCH MISS STRICKLAND'S "QUEENS." 

YOLUMB ONE, CONTAINING THE 

LIFE OF WILLIAM THE CONaUEROR. 

In neat royal duodecimo, extra cloth, or fancy paper. 

*'The historical reader will find this a work of peculiar interest. It disptl ays throughout th« 
most pains-taking research, and a style of narrative which has aU the lucidity and stren^h of 
Gibbon. It is a work with which, shading such a light as we are justified in saying it will do 
iq>on English history, every library^ ought to be provided."— iSkifuiay Tmes. 

MEMOIRS OF THE LOVES OF THE POETS, 

Biographical Sketches of Women celebrated in Ancient and 

Alodern Poetry. 

BY MRS. JAMIESON. 
In one royal duodecimo volume, price 75 cents. 

FREDERICK THE GREAT. HIS COURT AND TIMES. 

EDITED, WITH AN INTRODUCTION, BY THOMAS CAMP- 
BELL, ESQ., AUTHOR OF THE ^'PLEASURES OF HOPE." 

Second Series, in two duodecimo yolumes, extra cloth. 

HISTORY OF CONGRESS. 

JBZHIBITING A CLASSIFICATION OF THE PROCEEDINGS OF THE SENATE AND THE 

HOUSE OF REPRESENTATIVES^ROM 1789 TO 1793, EMBRACING THE FIRST 

TERM OF THE ADMINISTRATION OF GENERAL WASHINGTON. 

In <me large octavo volume of over 700 pages, price only $1.50. 

as O O R E ' fiTzREziAN^^ 

THE HISTORY OF IRELAND, 

FROM THE EARLIEST KINGS OF THAT REALM DOWN TO ITS LATEST CHIEFS^ 

In two octavo volumes, extra cloth. 

Mr. Moore has at length completed his History of Ireland containing the most troubled and inter- 
esting periods through which it has passed. Those who have possessed themselves of the work m 
ftr as the Great Expedition against Scotland in 1645, can procure the second volume separate. 

HISTORY OF fHrWAR¥?Ri^^ IN 1815, 

CONTAINING MINUTE DETAILS OF THE BATTLES OF QUATRE-BRAS, LIGNY. WAVRB 

AND WATERLOO. 

BY OAPTAIN W. SIBORNE. 
In one octavo volume, with Maps and Plans of Battles, &.C., viz.: 

1. Part of Belgium, indicating the distribution of the armies on commencing hostilities. 2. Field 
of Quatre-Bras, at 3 o'clock. P. M. 3. Field of Quatre-Bras, at 7 o'clock, P. M. I. Field of Ligny, 
at a quarter past 2 o'clock, P. M. 5. Field of Ligny, at half past 8 o'clock, P. M. 6. Field of Water- 
loo, at a quarter f)a8t 11 o'clock, A M. 7. Field of Waterloo, at a quarter before 8 o'clock, P. M. 
8. Field or Waterloo, at 5 minutes past 8 o'clock, P. M. 9. Field of Wavre, at 4 o'clock- P. M., 18th 
June. 10. Fi(>ld of Wavre, at 4 o'clock, A. M., 19th June. 11. Part of France, on wlii(m is niowii 
the advance of the Allied Armies into the Kingdom. 

TEXT BOOK OF ZSCCIiZSSIil.STICil.Ii ZXISTOBir. 

BY J. C. I GIESELER, PROFESSOR OF THEOLOGY IN GOTTINGKN. TRANSLATED 

FROM THE TIURD GERMAN EDITION, BY F. CUNNINGHAAI. 

In three octavo volumes, containing over 1200 large pages. 

SIiEBf ZSKTS OF V2riVSB8il.Ii HZSTOBT, 

ON A NEW AND SYSTEMATIC PLAN, FROM THE EARLIEST TIMES TO THE TREATY 

OF VIENNA, TO WHICH IS ADDED A SUMMARY OP THE LEADING 

EVENTS SINCE TIjULT PERIOD. 

BT H. WHITE, B.A. 

• IZTH AMSKIOAir SDITIOIT, WITH ADDITIOKt 
BY JOHir 8. HART, A. H. 

In one large ro^ral 12mo. volume, neat extra. cV^\.V« 



^ 



JJUL AMD BliUTOBAimi /PUBUGATIQinL 



GBlHAlf£'S COLONIAiL JBLISTQftT. 
HISTORY OF THE UNJTED STATES. 

niOlI THE PliANTATION OF THE BRITISH COLONIES 
TILL *rHEIR ASSUMPTION OF INDEPENDENCIL 
I '.- MBOOKD AMBBJOAir EDITIOH, 

■HLAROED AND AVENDSDy 

WITH A MEMOIR BY PRESIDENT QUINC7. 

VK TWO hAM&E OCTAVO TOLUMIS, BXTBA OLOTBa , 
WITH A PORTRAIT. 

Thif work having esiuimd the position of a itandard history of tUi 
ooontiy, the pdblishers have been inanced to issue an edition in smaller sin 
•and at a less oosi, thai its eircalation may be commensorate with its msrks. 
It la now «pnsidered as the most impartial alid tmstworthy liiatory that hai 
yatafpearad. 

. A lew copies of the edition in foar volumes, on estra fioa tiiia||i;|i^par, 
piiea eight aollars, may still be had by gentlemen desirous of prociuiDf m 
Mantinu woric for their librariea. 




99fmry\ibnxfe 

COOPER'S NAVAL HISTORY. 



HISTORY OF THE NAVY OF THE UNITED STATES OF AMEMCAi 

BY J. PENIMORE COOPER. 

THIRD BDITIOir, WITH CORRECTIOMS AND ADDmONS. 

Complete, two Tolnmee in one, neat extra doth. 

With 1 Portrait of the Author, Two Maps, and Portraits of Paitl Jowas, BMOamtMrn, 

Daui, Pbbbls, DaoATua, Postsr, Pnar, ahd MoDomoooh. 

WRAXALL'S HISTORICAL MEMOIRS. 
HISTORICAL MEMOIRSOF MY OWN TIMES, 

BY SIR N. W. WRAXALL. 

ORB NEAT VOLUME, EXTRA CLOTH. 

Tlili it the work for which, in eonaeqnenoe of too truthfUl a portnutnre of Catherino IL, the 
anthor was iioprisoned and fined. Taught by tiiii expsnence, his soocsadinc "^^nrm ho aa^ 
pnsisdaBta after his death. ^ 

WRAXALL'S POSTHUMOUS MEMOIRS. 
POSTHUMOUS MEMOIRS OF HIS OW)i TIME^, ' 

BY SIR N. W. WRAXALL. 

tK ORR YQLTIKE, RZTRA CLOTH. 

Tbi8 work containa mxich aeciataaii wawa^aa » a >a » ^»M <K ^Mfc^ftcMtoiM^ 
•fiich rputlitrod iti poathomoua \na:XaiAa» 



LEA AND BLANCHARD'S PUBLICATIONS. 

WALPOLE'S LE TTERS AND MEMOIRS. 

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD, 

CONTAININO NEA&LT THREE HUNDRED LETTERS. 
NOW FIRST PUBLISHED FROM THE ORIGINALS, AND FORMING AN UNINTER- 
RUPTED SERIES FROM 1735 TO 1797. 

In four large octavo yolumes, with a portrait of the Author. 

s u p PRlssEFTFnTRsT 

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD, 

TO SIR HORACE MANN, FROM 1760 TO 1785. 

NOW FIRST PUBLISHED FROM THE ORIGINAL MSS. 

In two octavo volumes, to match the above. 

WALPOiTETlB ^^ 

MEMOIRS OF THE REIGN OF KING GEORGE THE THIRD, 

BY HORACE WALPOLE. 
NOW FIRST PUBLISHED FROM THE ORIGINAL MSS. 

EDITED, WITH NOTES, 

BY SIR DENIS LE MARCHANT. 

These Memoirs comprise the first twelve years of the reign of George III.: and reoommend 
thenuieJves especially to the reader in this country^ as containing an account' of the early troahlM 
with America. They form a sequel to the " Memoirs of Geoige the Second,** by the same aotihor. 

HISTORY OF THE HUGUENOTS— A NEW EDITION, 

CONTINUED TO THE PRESENT TIME. 

BY W. S. BROWNING. 
In one large octavo volume, extra cloth. 
" One of the moat interesting and vuliiable oontributimis to modern histoiy.**— Genilonaii'* 



" Not the least interesting portion of the work has reference to the violence and pemcataoM 
of 1815,"— Times. 

INGERSOL US LA TE WAR. 

HISTORICAL SKETCH OF THE SECOND WAR BETWEEN 

THE Ux\ITED STATES OF AMERICA AND GREAT 

BRITAIN, DECLARED BY ACT OF CONGRESS, 

JUNE 18, 1812, AND CONCLUDED BY 

PEACE, FEBRUARY 15, 1815. -. . 

B7 CHJSlBIiZSS J. IZrOZSBSOIiI.. ' 

One volume octavo of 516 pages, embracing the events of 1819"— 18tS» 

Beautifully printed, and done up in neat extra cloth. 



>ir ^ <»^^~» *» ' 



RUSH'S CO URT O F LONDON. 

MIMORANDA OF A RESIDENCE AT THE COURT OP LONDON, 

COBfPRlSINO INCIDENTS OFFICIAL AND PERaONAL, FROM 1819 TO 1825; 
maimaMB ntaarunojxB on tbb omnov aiTEano]i,4'i>OTHiB ii>iiiiiiii WMxruam 

IKTWKKK IBS QKITBD WthTS* ABB OWUT BMTAdl. 

CiMOf&tnMndiBiry and lliniflter FlenfpoCeiitiaiy 

In OM large and beamifiil octayo Tolume, extra dotli. 



LEA AND BLAMCHARD*S PUBLICATIONS. 



N I EBU H R'S ROM E. 

THE aZSTOBT OF IlOVLTl^ 

BY B. G. NIEBUHR. 

OOMFLETE IN TWO LARGE OCTAVO VOLUMEa 

Done up in extra cloth ; or five part», pAppr. price f 1.00 each. 

The but thrpf pnrtR of thui v:i1iiablr book Iinri* iiPVAr hrfun* h«eii pnhliRhed in thin conntry, hs^ 
inronly lutiiljr lH>en printH in (ifrninny, and tnui«>lnt«><l m iinrtiuiil. The tw<i last of these Oftoi- 
prne I'mftnauir N'lrbiihr'M I<crturos on ilu; laitci purt nf Roman IliHtnry, wo Itm^ hwt to the wurU. 

" It » nn MfifxiH-i'tiil mirpriM- and pli>n'urft t«'Ui«* ailinirarx of Nieliiihr — thai is, Ui nil eamoxtaUi* 
deiitR of nii«-i' III liisior)--!!! mnvir. n> fptin the (cmve, tlip lt;rtiiri'ii before ii»i." — Eclrctic Review. 

'*T\m woriil liH-* now m Nirluihr an imiK-nnhahln mmlH." — EtUnhnirgh Ruirw Jan. 1811. 

**IiarawerltHii our n-markK U|Kin thiN nn'iiionilile wurk.a wnrk which, «•( ull that hnve appeared 
IB cmr ace. m tho lirf>t I'ltiod to cxnte nn n oi' linnmic to intcllfi'tiiul iir.tiviiy : friMii which lliemuit 
a<i'<inii>lishiil Hchidnr may RHihi-r fiTRh Kton-R «if knowIftlKi*. t(» viliir.h tlio tnoKt uxiJ^rirnrul politi- 1 
cinii may n>Mir1 f>ir Ihritn-iical ami prartirnl ubitnutifin, aau wlm-h iid iKruoii can reucl im it oiwht 1 
III tie rrail, wiiliont fm-liiiK l>i<' licttfr and mare iti>nerouH iiuiiiinicuia of hik cuinnum human natora | 
»nliTMneil and Mn-imMirniNl."— i'^/inAKry^ Rrvu-w. 

**It Mituiirn I Naw yon that I havn Intii drvoiirins with the most iiitnnw ndmimtion the tlunl 
foliiiiie of Niflnilir. The ct<'ami>«^ mid riiiiipn>lifn'<ivfiir*'>H of a!l lii*i nutitary dittaila m a nev 
ft':itiir«* in that wiMKlrrful Duntl, and lii>w ininiilalily b<.'autiiul is that brief Hccuiuut uf Tenii.**— Ar 
ilriinU (ijfr, vol. II.) ,^ ^ ^ _ .^^.,.. 

PROKKSSOR RANK E^S III STORICAL WORKS. 

HISTORV or TKZ2 FOFSS, 

TIlEfR CHURCH AND STA IK. IN TlIK SLVniKNTH A.NJ) SKVIJNTKENTH CENTURIES 

BY LEOPOIiD RANKE. 
TiuiiaLATKn nuw mic i.amt Kiirnon op tiik okrm vx, ar waltkb k. krllt, eho., i. a. 

In two purta, pnpcr, at $1.00 «>nrh, or one larjie volume, extra cloth.- 

"A book rxtmordiiinry for IIn IrnnimK and impnrtinliiy, and for ita Jiist and lil>eral fiewi of the 
tiniHi H ditacnlNfi. The iM-Kt ronipliiiimt that run In> jmid to Mr. Kniikf, w. that earh aide hM 
■ntiiMHl him of parlinlily to iIk ti|i|Miiit<iil: Uii' (irnii.iii Pinti-hlitntii t'oiiipl.niiiiit; that his work u 
wriltim in tiMi riiHiiilir a Kjiirii ;-tlir ('nliinlich ili>c|:<r:iit;, ili:ii I'l-nrraliy inipurtiul aa heii,itii 
dear to i>«*nTivf lln» I'rotCiiliinL Irndi'iicy »l tim h'Hloiy."--yy/j/u/o;i Tuhcs. 

TUB TURKISH AXfli SPA17ISH EBIPUZSS, 

IN TiiK siXTKKN'rii (•^:^'n KY and r.i:<;:.N\i\(; ok thk .*^i;vi:N'rKKNTii. 
BY PKOFESSOR IjKOPOLD RAKXE. 

TaANH|.\Ti;i) JHOM llli: I.AHT I Itll luN OK TIIK <II3IM\N. UY W.M.TI.K K. KI.I.I.Y. KSQ. 

(-tiiiiplcti; in diu' pail, pniicr, prirf Tfj cciiIh. 

nii« work was piihlis-linl Iiv llu- rmilior in connrvioii wiHi tin- " Flisforv <if tlic F*<»poH." anrl«r 
the iianio i»f "Suvi-rt r:iis niiil Ntiiimis of Sum'Ihtii I''iin>| i-, in llii- .'•'iricriiilijiiiii .S-vt-ntwiilli ('-«n- 
hirir.s." It ni:iy Itc ii.miI mj>ii:iIi-!v, or Ixilliiil uji Willi that worli, loi w'mcU j.ii.|.,,mj two tltlirs will 

b« found in it. 

HISTOBir OF THF. R?3FOBTVIja.T!OX4' IZ7 aERZffAmr, 

ny PHOFKSSOR I. K()IM)M) K A NMv K . 
PARTS FIRST, SECOND AND THIRD NOW READY. 

TUA.NSI.ATI'.l) (KuM TilK hi:( ONJ) KDI'lio.N, KY t'.VllMI Al.'VlI.N 

To be. (vmp'rlrti in Fivr ptitis, riich ptrt roiitcinintj our i nhtnif of thr l^irultm edition. 
" F»'>v imxieni writi-rs posses.^ such iiir.il!t".r:i'ii»iis fir ilniiis jus'ic^* to so er«-ai a siil)j«*ct aa l>o 
p*>ld H;inki'.— IiidcfatiifabM' in jxcrtinn-.. In; revels in Uu; tml nf exioinniii'; ar«'.liiv«!S and stale 
paiH-rs; lioMONt in purpuso. \u: Khii;i«s hiH Ihftoiujs from «:vi«lriiiv ; ntit like iJ'Aiilii'riw., wh(we 
roiiiaiii'c of tlm lU'l'oriiiatiiiii .•■(•h'cfs cvidciicc to Kiijiport prrcfiii(!civ«;(l tlu-i>r>'. liaiiUc iifvor forget* 
the MulatBuui tu the tlit'i>li>;<iiui, or the hihtorian in thi! i)urti.>>;in."— ^4/A/:/u/>m»i. 

SnOVGHAliZ ON TKE FRBNCH REVOLUTION. 

Uii« volume 12rno., papiT. prif-e fiO r<iir«. 

STUDIES OF TIIK LIFE OF WOMAN. 

FHf)M THE FKKNril OF MADAME NKCKKR DM .'^AlSSntC. 
In on« n«at 12mo. volume, fancy paper. Prir* 75 c«iita. 

THE EDUCATION OF MOTHERS; OR, CIVILIZATION OF 

MANKIND BY WOMEN. 

PROM TUB Ylt,E"SC\l OY V. K\^\^ -ttk^TlS. 
In one 12mo. To\\m«, v^vet, \ia\R* it r»Tv\a\ m Va w&t^ ^c(^ 



LEA AND BLANCHARD'S PUBLICATIONS. 

SMALL BOOKS ON GREAT SUBJECTS. 

A 8EBZES pT "WORKS 

WHICH DESERVE THE ATTBNTrON OP THE PUBUC, FROM THE VARIETY AND 

IMPORTANCE OF THEIR SUBJECTS, AND THE CONCISENESS AND 

STRENGTH WITH WHICH THEY ARE WRITTEN. 

They fonn a neat iSmo. series, in pBper, or strongly done up in three neat rolames, extra cloth. 

THERE ARE ALREADY PUBLISHED, 

No. 1.— PHILOSOPHICAL THEORIES AND PHILOSOPHICAL EXPERIENCK 

2.-ON THE CONNEXION BETWEEN PHYSIOLOGY AND INTELLECTUAL SCIENCE. 
3.— ON MAN'S POWER OVER HIMSELF. TO PREVENT OR CONTROL INSANITY. 
4.--AN INTRODUCTION TO PRACTICAL ORGANIC CHEMISTRY, WITH REFER- 
ENCES TO THE WORKS OF DAVY, BRANDE, LIEBIG, &c. 
6.— A BRIEF VIEW OF GREEK PHILOSOPHY UP TO THE AGE OF PERICLES. 
6.— GREEK PfULOSOPHy FROM THE AGE OF SOCRATES TO THE COMING OF 

CHRIST. 
7.— CHRISTIAN DOCTRINE AND PRACTICE IN THE SECOND CENTURY. 
8.— AN EXPOSITION OF VULGAR AND 00M310N ERRORS, ADAPTED TO THE YEAR 

OF GRACE MDCCCXLV. 
9.— AN INTRODUCTION TO VEGETABLE PHYSIOLOGY, WITH REFERENCES TO 

THE WORKS OF DE CANDOLLE, LINDLEY, die. 
lO.-ON THE PIUNCIPLES OF CRIMINAL LAW. 
1].— CHRISTIAN SECTS IN THE NINETEENTH CENTURY. 
12.— THE GENERAL PRINCIPLES OF GRAMMAR, 

" We are glad to find that Messrs. Lea ii. Blanchard are reprinting, fbr a quarter of their original 
price, this admirable series of liltle books, which have justly attracted so much attention in Great 
Britain."— GroAom'j Magazine. 

"Tlte writers of these thoughtful treatises are not labourers for hire ; they are men who hara 
stood apart from the throng, and marked the movements of the crowd, the tendencies of society, 
its evils and its errors, and, meditating ui>on them, have given their thoughts to the thouglitfuL"— 
London Critic. 

*' A series of little volumes, whose worth is not at all to be estimated by their size or price. They 
are wriiien m England by scholars of eminent ability, whose design is to call the attention of tha 
public to various important topics, in a novel and accessible mode of publication." — N. Y. Morning 
News. 

MACKINTOSH'S DISSERTATION ON THE PROGRESS 

OF ETHICAL PHILOSOPHY, 

WITH A PREFACE BY 

THE REV. WILLIAM WHEWELL, M. A. 
In one neat Svo. vol., extra cloth. 

OVERLAND JOURNEY ROUND THE WORLD, 

DURING THE YEARS 1841 AND 1842, 
BY SIR GEORGE SIMPSON, 

GOVERNOR-IN-CHIEF OF THE HUDSON'S BAY COSIPANt'8 TERRITORIES. 

In one very neat crown octavo volume, rich. extra crimson cloth, or in two 

parts, paper, price 75 lints each. 

**A more ralnahle or instmctiTe work, or one more Aill of peAoni adventure and keuaa entei 
pitee, we have never met with."— %/oftM Butt. 

** It abounds with details of the deepest intefwrt, poee eaws an the dianmi of as exBittncvmasa^ 
and f^^mishes an immense mass of valuable infoniafticnv."~'bwpAr«r, 



LEA AND ULANCHARD'S PUBLICATIONS. 

UNITED STATES EXPLOH INB EXPEDITION. 

THE NAKUATlVe OF THE 

UNITED STA'IKS KXPLORING EXPEDITION, 

DI'JIIMi THK VKAECfl lr3H, •:», '40, 41. AND M-J. 
BY C II A K Ti K S \V IL K R S , B 8 Q^, U. 8. N. 

roMMAMlUR or THK KIPKOITION. ETC. 

PRIOE TWENTY-FIVE DOLLAHS. 

A New Rffition. in Five M<"li'ini f)i-t;ivo V'llnniPfi. iicat Extrn rii>1h, pnrtinilarlydone 

up Willi nfrp nri' fn Ftnriirili nnil rnntimivd uk; rontaiiiiii^ I'wkmiy Hix llmC' 

DKBD Faukh fif I>'ttf'r-prt>f*. IMiHtrai<'<l ivilh Mapn. ami about Turks 

IIi:niirki) Spr.RKbip KsfoRAvmofl on \Vo(id. 

PRXOE OX7L7 TVJO DOI.I.ARS A VOZiUZyXE. 

Thoiurh (iiriTi:il III n pncn so !iiw, thiM ir the complrto work, roiirntnhiff nil tdn Iclter-prem of th« 
Mlitimi print fil f«ir riHii'itiw, \^ I'li siimi> iniprovi-iiiKiitH Hunwotnl ui the ctmrne of iNiMsiiii; Uie work 

Sam Ihnnich tin- iirrvt. Allnf iLf wiMicl-rui ill(i<>'niti<iiuinn) rulHiniM!, iuhJ ni'iirljr all Uiemaiv; 
« binrr kUtI ,il:iti-}, nf 'l.i- 'j'lrirtn «-i|:ii<in lutiii-.r (iiii:Ttf(I, niii] iii':it wiKMl-r-nlH Hulwlitntod fi»r tatf* 
aevi'n Mih-I vii:iir'ff<< il i^ |-:i':'i il ni. .Inf |iii|-i r, with Inryti ty;K<. Iitiiiiui in very nnat extra cLuUf 
' furnu a )niiuIiIuI wi.rit, v\,i!i iiic wry nuiiKiruiis uiid Hji|>n>iiriule «iti)i<]Uu«liiiiciila. 



l*hii iltniitKiii (if iK'rsrinn rurniiii!! lilimriPii in piqK'rinlly dimrtfil to thiH work. M proMUitinr th» 
niivi'l nnil v.iMi iMi; iii;iitir iiflrniinii.itfi liy Ihi' ri]M!tlit;.iii inaclit!.'ip,c<>un;nieiit,aiidreu(luklefunD. 

BC'lIOUf. ):ii<I •••ti-r I'l'ri.lC |.!!wMI<IKS Kliuiilt] not Iw witlioul it. rk cinlxNlyini; the navHU of 
tbo Firitl ^-iriiiitic bit iliiinii «-'i;iii:.: m(»iu'i1 hy our ;;<ivrriiniciil U) t'xploru foruj^n rci^ouii. 

**W<< hHv<< tin hf'HnliKii Ml ■: \:-'; th:>t It is (IfKtiiicd to Miiml iiiiinii!; tho iiKKit f^mliiriiii? monn- 
mentji ui mir iiiitnniiU iilfi.K'i.i' Ts rniiMihiiinnit iii»i only to cvrry di-|i:irtiiHmt of Kcieiico, but 
every tlrpuitinfiit ut liinli.ry. IiTi- iiii.iii-iisf!: aiiil Ihni- is not nil iiiif!llif;f;iit iniui in thi; Mininiumty— 
no iiiiili«<r wli.ii limy \m hi^ ■ "■'■■. ur his <Nfi,jKi'ii>n. hul will tiiul MuiuoUiut^ here to eiiliyhtea, to 
iratify, uiul to iiroftl Uiin "—A v,.y IJf.-^iouj Si^-lator. 



A NO I'll ER EDITION. 

!*KU'i: T\vi:\ . Y.rivK dollaps. 

IN FIVE MAGNIFICENT IMPERIAL OCTAVO VOLUMES' 

WITH AN ATLAS Or LAiiGE AND liXTENDED MAi'S. 

r.i:.\''nKi;i.i.v dunk v.v \s v.\{\{\ cMrin. 

This truly pn-at iiiui \ulioii.-il Work ix ih^uciI in a i-tyli- of supcriitr inn^niflcmce 

and I ■ ' 

BcfPi 

worki „ . .... ^ ^ . 

cut Illiisir.'itKMis, l-'.iiiiti-. I. \\.\\n- and tiinali iM.i|H and Cliurti', and iicarly 'i'wuiiiy-iiix 
IJundrud pagrK *•( L«:U< r j>i «..-.«. 



hi« truly pn-iit aiui \alioii.-il Work ix iHr:u(il in a i-iylf of supcriitr inn^niflcmce 

lN;nuly. <-<in::iiii.t::: Siviy.i'ifiir lar;.'i> and fini.licd liitii* Kn<:raviii:;s, cinlirncing 

fiury, I'ortiaii.-, .>!i*ii!iii is, ( u.-iniiis, f^r , Kr.. Forlym'M'ii cvqiiisiti* f^icel Viijn«'tti'8, 

ki'd niiKMi:: tin- !■ Kt-r |r":r ; rilxnit Two lliindrnd .imf Filiy tinrly-cAcciittd Wood- 



AT.HO, A KFAV COIMKS STILL ON HAND. 

THE EDITION PRINTED FOR CONGRESS, 

IN FIVE VOIiUIVIES, AND AN ATLAS. 

LARtiK IMPKKIAL QUARTO, STRONG KXTRA CLOTH. 

P It ICE SIXTY DOLLARS. 



JUST ISSUliD. 

THE ETHNOGRAPHY AND PHILOLOGY OF THE UNITED 
STATES EXPLORING EXPEDITION, 

UNDER THi: COM.MAM* OK CIIAKLL'S WILICKS, KSQ., U. S. NAVY. 
BY II O 11 A T I O II A L IS , 

I'HIljOl.oOlST TO THE KXI'KniTlON. 

In one luri^e iinpenal octavo v<iIiiiih! of r.osirly sevpii huti'lrcd iin:{<>i(. With two Mapa, printed to 

nuUcli tJiu Coii^ress C4)|>i(u< of the " Xarrutive." 

Price TKM DOLLARR, in beautiful extra cloth, done u|> with great strengta. 

*»*Tliis m the only editioa printod, and but few are o&red for sale. 

The mninindAr of the wwut\(\c. wortm tA \,Yv« V.Tv«ii^[^^ntL vc«iKL%.iA»be of rapid pragma. The 
r«/ii/iie (III Comk. by J. U. Dsuia, Vjiq-.v^ilVv uxi K.\,\a» ol VSaX^^^wi^W^ ^aiitOi^w^'l.^ft ^ kA- 
lowed by llie othen. 



LEA AND BLANCHARD'S PUBLICATIONS. 

SELECT WORKS OF FIELDING AND SMOLLETT, 
SELECT WORKS OF TOBIAS SMOLLETT, 

WITH A MEMOIR OP HIS' LIFE AND WRITINGS, 
BY aiB WALTEK SCOTT. 



- — , ...... svjlubOiv 

- OFAp,-~ ■ 

SELECT WORKS OF HENRY FIEI-DING, 

WITH A MEilDIR OF HIS LIFE AND WRITINGS, 
BY SIR WALTBR 

AND AN ESSAY ON fUS LIFE AND Gl^f^ *"- 

' TIMS EPITIOJI 'CdljtilK 

TOM JONES, OH THE Bi^lMlV OP A POUMOLINU. Pn 
TBK ADVENTURES OF JOSEl'U UtOKEWS, IMD }11S . 

AMELIA. PrKe l»Ally-BiB rf Mi. 

THE UFE OF JONAT»AN WILJ) THE GREAT. PiiM 1* 



COOPER'S HOTELS AND TALES. 



A nZTXFOBin EDITIOK, 

IN TWEKTT-THREE LARGE DUODECIMO VOLUMES, 

WW-LBIIBWD mSHESgOlLT, 
Farming a beauliful aftiefi', eueh io^lpie Camprehandmg a novel. 



■.IHK SPlf— TRE WATER"*' 
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Iehutte k ■""' 

»ALSO, .\EO nvel t^A Ul P IIM^RI' TI E 3IA8T 
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LEA AND BLAMCHARD'S PUBLICATIONS. 

BOY'S TREASURY OF SPORTS. 

THE Bora nmw of sports, pabtimes and recreatioks. 




PBEFAOE. 

lllll inialia'«il ManHHtftf" SfHvlii, Piis1lin«,indnscnAt]Pn^''linpbiMlini^par«<1 with wadk] 
tvvHit lo tlw HenUU» l^wniau, vul fiutiouid Enjojrmtbt ot ttv yuuuf jKkatn to wKDmitiii^ 

&f*Tj YftrirtT ot mtnnonflaliLe nwvatloq will he tban} in rhH fonftwinc priKHi. Find, wni hai* 
Oe Ut'liiTDyb uTllKiNunk-ry; Uk 1V||4 jiiiil MbtIiIcii dT llie i'Jny'ErcniLiJ : a[ikl Ihe BalU of Uw 

'I ban, VLiiL liiiTi' D Duuilier uf E^ifftltiM thnt ten* to vLAddrD Hir draFiite ; Ut ligiit iiei mnav batt 
ilihi joj'Mr.aip] fiiijHilu'iiirlnurni-wilHXTtthiirirri., 
Ul^ niitiiry^ inllj &irt'Bh'iiii("of IMdwl. ' "^ ' 

Of*iiDv<fii?tarriiirxlHi^BiLUHl; tliPii, Uw ddi^farfiiL mi-patinn itf Sufinunln^ i ubJ (luhnlUmil 

Airtinrr. (oiM tha philfl of Eigt*iii:1.1itlHad«f4n«d ; ami rtt^p 






kci-niiiT Aclmilif l< a fimaritp piinnift of hnrfaon] 



<ip imw dmniMiili Iha mnr* HdAte amnianmitt— *■ Dnmelitii pud riion: hfv of rlia anblcit 
•rervr iif Ml* iiunniilily of die human JIumL PnnuinFa muL IhiiialPlI* riillnw, Wplli h know- 
sc uf tJii'ip rnminii^ wbo wunM m a daUhixir m U» dn'amt ilt^uf wuiiwi ucwlm 

'."'."7.'1P'°'"">^>'itkiBp<i<i,haim1tH I«anhiiiala, or ilrMil-oT-hsiHl, snil Trx\i with Ordi, 
: ihliflil iniin; • finiilr rinit, whon Itii bu~ini» of ihg iW is iivcr. mil llip li»li m liiij BidL 
LJMuiwh llir |tn>*nnt nlDBu ii a iMih i>f uuiisaniiiiin, Srii'im lian bm t«tq amlado) frum «• 



i^r^mirlij (oi FlnwiKta vXxl 



of I'l.'K'w thr ' lln™," ind - Gim ania.' And a na Inn tbo - Kn." in y-or i 



[nn" in r|>1]r ii^a ImBdiriM 






bios on 18t 3"'2 
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